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PREPAOE. 



Upon bringing this little wprk before the 
; publie, I eannot /ail to expteag' my'heartfelt 
gratitude for tiie fayourable '.te(?e|fttbn with 
whieb my4ii3t three works haye t)een receive<V 
* not only in this eountry, But abo in the 
eolonies. Afler publishing them, I had in- 
tended to lay down my pen; but, owing to 
the numerous letters whieh I have received 
from all elasses of persons in Great Britain 
requesting a seeond edition of the " Philosophy 
of Gommon Things," I determined, before send- 
ing it to the press, to re-write it, and to add 
several ehapters of new matter : I have also 
ehanged its name from " Philosophy of Gommon 
Things " to " Edwin May's Philosophy." J% 
. «reason for so doing is to prevent mista^es ii;i • 



IV PBEFACE. 

ordering the work, as there are several works 
entitled " Common Things." 

In launehing this work upon the great oeean 
of literature, I do it with Aill confidenee that 
when it is known it will be appreeiated ; and 
I trust that the readers of it will enjoy as mueh 
pleasure in studying its eontents as I have 
had in writing it. If this wish is realized, 
the great aim of the author will be iully 
aeeomplished. 

THE AUTHOR. 

2, KlNGSLAND ROAD, 

LondoUy Mareh 5thy 1864, 
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INTRODUGTION. 

" How glad I sliall be, Edwin, when we baye 
finished tliat stupid book wbieb papa is now resuding 
to us ; I am really getting tired olT it*; I should 
like som^thing else, — something more amusing.*' 

" I am surprised to hear you eall Natural Histoiy . 
stupid. I thought you were so fond of it.*' 

'' So I was ; but hearing so many hard names 
that I eannot pronounee, and of whieh I do not 
understand the meaning, it really makes me dislil^e 
the subject." 

" That is your own fault, Em." 

** Please don't eall me Em, Edwin; remember I 
am nearly thirteen years old, and to be ealled Em 
•ounds quite ohildiBh." 

"What shall I eall you, then?" said Edwi», 
l^ghing. .... 

'* Emily, if you please ; it is not so very long 

B 
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that yoa sboald be obliged to drop abore lialf the 
word every time yoa eall me by my name." 

" I was going to say," said Edwin, " tbat if you 
were to ask papa to explain tbe difficalt words, I 
am sure be wonld witb tbe greatest pleasure. '* 

** Yes, I know be would, but I do not always 
like to be asking questions ; it makes one seem so 
ignorant." 

'' I tbink it is mueb better to ask que8Jbions tban 
remain in ignoranee. You must remember tbat 
nearly all useful books eontain tbings tbat want 
explanation, and often for tbe want of tbat tbe most 
instruetiye books are laid aside as . dry and unread- 
able. Perbaps you bave some subject in your mind 
wbieb you would prefer to tbe one we are now 
studying." 

** I do not know wbat I sbould like,'* said Emily ; 
** anytbing tbat is amusing and instructive.*' 

** You must remember,*' said Edwin, " tbat papa 
bas more listeners tban you and me. You know 
tbat mamma often eomes in to read witb us ; and I 
am sure sbe is very fond of tbe book we are now 
reading ; and I very mueb question wbetber sbe 
would be equally interested witb anotber ; and you 
know it would be selAsb to wisb to be amused at 
tbe saeriAee of anotber's enjoyment." 

** Really, Edwin, you begin to talk almost like 
papa. I wisb I was balf as good-natured as you 
are ; you are always tbinking of otbers in preference 
to yourself ; but I am sorry to say tbat I tbink 
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mueh more of my own pleasures than of other 
people's." 

Sueh was the conversation earried on between 
Edwin and Emily May, who were brother and 
sister. Their father was 'a man who had seen a 
great deal of the world, and had gathered with 
mueh experience a large amount of useful know- 
ledge, whieh it was his delight to impart to his son 
and daughter. He had spent the early part of his 
life in the army, but, beeoming tired of the profes- 
sion of a soldier, he retired from the army, and 
retumed to his natire yillage, and settled upon a 
small farm whieh had been leffc him by his father. 
He had seen enough of the world to be aware that 
there was no plaee whieh presented so mueh happi- 
ness as a quiet and peacefal home. His sole eares 
now rested on the management of his farm and the 
edueation of his two ehildren, for whieh, in many 
branehes of learning, he was well qualified. 

Mr. May was not what might be termed a leamed 
man ; but, for all that, he had gathered from books 
and obseryation a good knowledge of the seienees, — 
more partieularly those upon whieh the every-day 
oeeurrenees of life depend. It was this knowledge 
he wished to impart to his ehildren, but as yet an 
opportunity had not oeeurred in whieh he eould 
follow out his wishes. 

" Eather,'* said Edwin, when they were seated at 
the tea table, the evening after the above conver- 
sation, *' Emily says she is tired of the book whieh 

B a 
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we are now reading, and wishes you would introduee 
8ome other subject.'* 

^' I think we Bhall finish the book of whieh she 
eomplains this eyening, and then I shall feel great 
pleasure in direeting your attention to anj new 
subject that you would like to study." 

" What shall it be ?'» said Edwin. 

" I have been thinking,'* said Mr. May, " of the 
' Ouriosities of Nature.' " 

" I think," said Emily, " I should like it very 
well, only I am afraid of the hard words. I have 
neyer liked those Bubjects sinee we heard the pro- 
fessor at the Leeture Hall upon Natural — dear me 1 
I forget what ; all I ean remember was, that he 
was very tedious, and used words that nobody 
understood." 

** If that is all the objection you have got to the 
6ubject, I think I ean explain all the difficult words ; 
so that we shall manage very well. I think I ought 
to tell you before we eommenee the subject, that it 
is not my intention to go deeply into any of the 
seienees, but to piek from them just sufficient to 
explain what we have under 6ur notiee. My inten- 
tion is td give you that kind of instruetion whieh • 
may be of use to you every day of youj life ; also to 
try to bring your minds to reflect upon the wonders 
of those little things by whieh we are, every hour 
of our lives, surrounded. I feel great confidence 
in saying that the more you see and know of 
God's handiwork, the more you will love and adore 
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Him, and the more thankM yoa will be for the 
many blessings He gi^es you. A knowledge of some 
of Nature's laws, and seeing how they aet upon 
material things, will put you on your guard against 
many foolish blunders into whieh ignorant people 
are liable to fall. 

** To-morrow eyening we will eommenee the sub- 
ject." 
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OHAPTER II. 

THE TREE. 

The tree — ^DilTereiit paxt8 of a tree — ^The root — How the 
roots benefit the tree— Wliy the roote grow erooked — 
The use of the root being erooked — Why it is so difficalt 
to ptdl a small root out of the groand — How the roots 
help to sapport eaeh other in a storm — ^The nses of the 
elastieity of the root — The nse of the tap root — The 
eonse^uenees if all roots had been straight — The nses of 
little stones to the tree — Inorganie matter — Hydrogen 
— The nse of tapering roots — The nse of the bark of the 
root — How moistore is regolated to the tree — The 
bark of the root is a filter. 

'* We are now, my ehildreii, about to eommenee 
the study of those things whieh we daily see around 
us, and one whieh I eonsider is of great importanee ; 
for without that knowledge we eannot pursue our 
daily ealiings, except in a more or less imperfect. 
manner. 

** The subject to whieh I intend ealling your atten- 
tion first is plants ; and as we proeeed in the sub- 
ject, I hope to show you that there is as mueh 
wisdom displayed in their eonstruetion, preserva- 
tion and eeonomy, as in any of the great works of 
Nature. You have all seen a tree." 

" O yes, papa," said Emily, " and, if you like, I 
ean give you a list of them. Let me see, there 
1b " 
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" Never mind, Emily, one tree tliat we ean see 
will serve yery well for our illustrations, as most 
all trees have nearly the same laws to govern their 
growtli and support. You see that elm tree in the 
iield yonder. That will serve our purpose well. 
Can you tell me, Edwin, how many parts there are 
in a tree?" 

** O yes, papa ! there are the roots, the stem, the 
sap, the bark, the branehes, the leaves, and some- 
times the blossoms and fruit.*' 

** Yon are right, my son, and we will examine 
them all in their turn ; and I am mueh mistaken if 
we do not find many enrious things before we have 
done with the subject. You mentioned the roots 
first ; ean you tell me of what use the roots are to 
thetree?*' 

"I think I ean, papa," said Edwin. "They 
hold up the tree, and keep it fast in the earth." 

" You are quite right, Edwin, and it is just the 
answer I expected. But besides holding up the tree 
the roots have another office. It is through them 
that part of the nutriment flows whieh helps to 
snpport the tree." 

" Yes, papa, I knew that ; I have read that in a 
book." 

" Now, we have aseertained that the roots sup- 
port the tree in two ways ; we must now try to 
aseertain how the roots manage to aeeomplish their 
office, that is, hold np the tree, and keep it fast in 
the ground." 
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. ^' Whjf papa, the roots always do that," said 
Emily. 

** Yes, but how do they do it ?" 

^^ I am sure I do not know, I think I haye neyer 
read that in any book." 

*^ Can you tell me of what shape the root is ?" 

" It is yery erooked," said Emily ; " and I always 
think that a root is one of the ugliest things one 
ean look at." 

" I will show you, although the root is not 
aeeording to your idea of beauty yery handsome, 
yet it eould not, aeeording to human eoneeption, 
haye been better shaped for the purposes whieh 
Nature intended it to perform. You say, Emily, 
that the root is erooked ; the next question is, what 
makes it grow erooked ?" 

'^ I suppose that Nature ordained that it should 
grow erooked." 

*' Yes ; but Nature always employs means for the 
performance of its works. If you examine a root, 
you will find the end next the plaut the largest, and 
the other end as fine as a thread. It is the office 
of this thread-like end to enter the ground in seareh 
of nutriment for the tree. While performing this 
office, it eomes in eontaet with small stones and 
other hard substanees. As the root eannot penetrate 
through these objects, it is obliged to go round 
them, and in this way a erooked plaee is formed in 
the root." 

'^ You haye told us, papa, what makes the root 
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erooked ; now, will yoa tell ns the nse pf its being 
erooked ?" 

^^ Yes, Edwin ; I am now eoming to that part of 
the subject. You see this tobaeeo tube whieh I 
hold in my hand, and how easily I ean thrust this 
pieee of straight wire baekward and forward through 
it. Now I will bend it in seyeral plaees in the same 
manner as the root is bent. Now, with what diffi- 
eulty I pull it through the tube ; in fact, I eannot 
pull it through with all the force I ean use. Just 
so it is with the root, — its being erooked is one of 
the eauses whieh renders it so extremelj difficult to 
pull it out of the earth. 

^ The root has a double adyantage to what ean 
be shown with the pipe ; for in that not only is the 
wire erooked, but in the ease of the root both the 
root and pipe in whieh it lies are erooked . The root has 
also another adyantage. If you examine a root, you 
will see that it has branehes growing out on all sides. 
Now, the earthen pipe in whieh the root lies has 
but just sufficient room for ihe root ; therefore, when 
we puU at a root, we are trying to puU two things 
into the same spaee, or to make two things oeeupy 
a spaee where there is only room for one. 

'^ Thus, you see, it is next to an impossibility to 
puU eyen a small plant out of the solid earth without 
either breaking the root or pulling the earth up 
with it. 

**But there is another wonderful eireumstanee 
eonneeted with the rout, in the ease of tall trees, 
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whieli are esposed to the (ury of storms and tem- 
pests. When a storm eomes on, and a great strain 
is laid npon the roots on the side next the wind, the 
erooked parts of the root press against the earth, 
and the earth is thus driven against the next root, 
and in this way the harder the wind hlows the 
tighter the roots are held in the earth ; in fact, in a 
storm, every root is eompelled to assist its neighbour. 
On the other side of the tree, the roots may be driven 
a little way ; but in doing so they are doing exactly 
what the roots on the other side of the tree are 
doing, — ^helping to hold eaeh other. 

" Besides all this, there is another wonderful eir- 
eumstanee belonging to the roots. When the tree 
is blown a little out of its perpendieular, as is often 
the ease in storms, what is there to bring it baek 
into an ereet position ? The roots of whieh we have 
been speaking ean seareely bring the tree baek to 
its original position. The most wonderful thing of 
al4 is, there is a root on purpose to perform this 
office. It is generally ealled the tap root, and is 
generally the largest of all the roots. This root 
generally deseends into the earth about three feet, 
when it reaehes the elay or other substanee upon 
whieh the soil lies ; it then turns, or runs in an 
horizontal direetion, and, like the other roots, helps 
to nourish the tree. In elm, ash, and large timber 
trees, this root ean seareely be recognized from the 
others. In a storm, this root not only helps to hold 
the tree up ; but when it gets out of its ereet position 
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the root, by its elastieity, brings the tnink or stem 
of the tree again into an ereet position. Let us for 
a moment suppose that all tbe roots had been 
straight, how easily would vegetation have been 
uprooted I Oattle would not have been able to have 
bitten oflf the grass, but they would have pulled it 
out of the earth. The winds, whieh are the messen- 
gers of health to a tree, would then have been the 
eause of its destruetion by uprooting it. 

" Thus, you see, my dear ehildren, those little 
stones, whieh seem to oareless observers as not worthy 
of notiee, are the prineipal agents whieh eause the 
root to grow erooked, and, in all probability, were it 
not for them we should soon have no vegetation at. 
all.'' 

" Are the roots," said Edwin, ** of any other use 
besides holding up the tree ?" 

" Yes, my son ; and that question brings us to 
the next part of our subject. It is through the 
roots that the inorganie matter and the water are 
admitted." , 

'* What is meant by inorganie matter?" said 
Emily, 

" Inorganie matter is that substanee or substanees 
whieh the tree obtains from the earth." 

" How do you know, Papa, that inorganie sub- 
stanees aseend the tree ?" 

" Beeause they may be found in it." 

'* Gould Edwin and I find them if we tried ?" 

** Easily enough; you have only to bum a pieee 
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of wood, and, when you ean bum it no more, you 
hare the ashes left. Those ashes are the inorganie 
matter/* 

^' Is there nothing more goes through the roots 
but the ashes ?" said Edwin. 

** Yes, there is the hydrogen." 

*« Whatisthat, papa?" . 

** Hydrogen is a yery light gas or air, and found 
rery plentifully in water, from whieh the tree obtains 
it. I shall exp1ain that more fully when we eome to 
the stem of the tree. I wish to show you how the 
water or moisture gets into the roots. You are 
aware that the root is of a tapering shape, and that 
it is covered with a brown-eoloured bark." 

*' Yes, papa; we have notieed it often." 

" The bark of the root is of a porous, or spongy 
nature, and absorbs the moisture from the earth. 
When the moisture gets through the bark there are 
thousands of little mouths all ready to receive it. 
Now, there is one thing I want you to notiee about 
these mouths, and it will fill you with astonishment. 
If you wanted to pour water into a very narrow- 
neeked bottle, what is the best-shaped instrument 
you would use ?" 

" A funnel." 

" Yes ; and you ean think of nothing better for 
your purpose. That is just the shape of the little 
mouths in the roots. The best illustration I ean 
give you of their shape is, when you take a quill to 
eut it aeross to make a pen. Whieh would eoUeet 
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the most water, supposing the little mouth eame to 
the surface of the root a-circle, or in the oblong 
form I have mentioned ?" 

** The oblong form/* said Edwin. 

" Gertainly ; and another thing, this little mouth 
is always full, and thus the supply is regulated to 
the tree. If the weather is rery warm, the tree 
grows fa8ter, and wants more moisture, whieh is 
always ready for it. Now, my ehildren, if the root 
had not been of this tapering form, this beautiful 
arrangement eould not have been formed. Here, 
again, we may see the wisdom and beauty of the 
Greator's works." 

'^ It seems to me, papa, that ihe bark of the root 
aets as a sort of fi|ter." 

** You are right, Emily, it does, and keeps out 
all eoarse matter whieh would stop up the pores in 
the tree.'' 

'^ I think, papa, I read in a book that the mois- 
ture only went in at the end of the root. The book 
said that at the end of every root there was a small 
sponge-like substanee, whieh absorbed the moisture 
into the roots." 

" I have read the same thing ; but, on examining 
the substanee with a mieroseope, I found that instead 
of a sponge it was a spike, with whieh the root was 
armed, to enable it to thrust its way through the 
earth." 

" Now I understand you, papa ; the whole root 
aets as a sponge instead of the little point at the 
end." 
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*' Gertainly; the bark is the sponge and filter, 
and prepayes the moisture for the use of the tree. 
Between the bark and the root are innumerable little 
eisterns whieh eolleet the moisture, and attaehed to 
eaeh eistem is a small pipe, or pore, as it is termed, 
whieh runs the whole way up the tree." 

" Did you ever see the pipes, or pores, papa?" 

" Yes, and eistems too." 

" Can we see them?" 

" Yes ; you have only to get a small root, and 
with a very sharp knife eut a thin sliee off, let it 
dry, and hold it up to the light, and you may see the 
holes with the naked eye.'' 

" Why, papa, I did not think there had been 
anything half so wonderful about sueh a eommon 
thing as a root." 

" I daresay you did not, Edwin, simply beeause 
you had never notioed them, or had your attention 
drawn to them. I hope to show you, another even- 
ing, that the other parts of the tree are equally 
wonderful. In the meantime, I hope you will think 
over what I have told you, and do not forget in the 
wonders that you have seen to forget their Great 
Author. I trust, my ehildren, ^ that the more you 
see of the beauties of His works, the more you will 
be inelined to love and praise Him. 
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OHAPTER III. 



THE SAP. 



The pores in the tree— How the sap aseends the pores--^ 
Capillary attraetion — ^Water as a e^ier in the tree-~ 
How the tree obtains hydrogen — How hydrogeh may be 
fonnd in wood— Oiygen eanses the sap to aseend the 
'tree — ^Why rain water eauses plants^io grow better than 
river water— ehemieal diSerenee between hard and soft 
wood— Garbon — How the tree absorbs earbon — Why the 
tree is larger at the base than at the top of the stem— 
Garbonie aeid — How it is formed — The vegetables are 
eomposed of 'waste materials — Leayes and their nses — 
Why the leave8 fall — Why the leayes tnm yellow before 
they iaU The sap in winter. 

** In our last conversatioii, I spoke of liow tlie 
water, or moisture got into tlie roots ; I shall now 
sliow you how it gets up the tree, and how it 
perform8 its task." 

** I have often thought of that, papa, and won- 
dered how the moisture, or sap, eould get up the 
tree.'' 

" I must tell you, first, from the root up to the 
topmost branehes are immense numbers of little 
pores or pipes ; it is up these pores the sap, as we 
must now eall it, aseends. The stem of the tree is 
full of them, and that is the eause why wood is of a 
fibrous nature, and is so easy to split. These little 



16 EDWIN HAT^S 

pipes or pores are all in rings, as you niay see 
when a tree is eut aeross. It is most singular that 
the nearer you get to the eentre of a tree the harder 
the wood heeomes, and the more sound the wood is 
the smaller the pores are, whieh makes it appear 
that, as the tree has heeome solid, the pores gradually 
fill themselyes up, and eease working. The nearer 
we go to the hark of the tree, the larger the pores 
heeome, and gradually diminish in 8ize where there 
is less work for them. 

"Ithink I understand you," said Edwin: "in 
oak trees what is ealled the heart of the oak is that 
part where there are no pores." 

" You are right, the oak is a good example. 
Now you understand a little ahout the pores in 
wood, I will tell you how the sap gets up the pores. 
This is a subject that has never been elearly underr 
stood by those who have studied the 8ubject ; but I 
will give you my own opinion, and as you get older 
you may adopt it or refuse it. Most persons say 
that the sap goes up the tree by what is termed 
enpillary attraetion." 

** What is meant, papa, by eapillary attraetion ?'' 

" I will explain it as elearly as I ean. If you 
put a sponge into a basin where there is but little 
water, the sponge absorbs or drinks it all up ; if you 
put a lump of sugar in a tea-eup, in whieh there 
are a few drops of tea, the tea will very quickly run 
all over the sugar. A very good instanee of eapillary 
attraetion is to plaee a towel in a basin of water, the 
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water will gradually run up tlie towel and over the 
side, and gradually on the fioor. 

" I think I understand you, papa," said Emily ; 
'' to use a short term, the tree may be said to absorb 
it, the same as a sponge.'' 

** Yes, that is what is meant." 

" I belieye this theory is perfectly eorreet ; but 
there is another power at work whieh writers on the 
subject haye oyerlooked, and whieh I will explain 
presently." 

'^ 1 eannot see, papa, of what use the water really 
is in the tree." 

" I will tell you, Edwin. I want to show you that 
the water is of twofold use ; first, it aets as a earrier, 
and is eontinually earrying materials up the pores, 
whieh assists to build up the tree. 

"Really, papa; how ean water earry earthy 
matter up the tree ?" 

" Water is eomposed of little round balls, or 
globules as they are ealled ; and it is between these 
globules or balls that the earthy matter rests. Take 
a glass tumbler and fill it with shot, and then put in 
Bome flne sand ; you will find that the sand will find 
its way into the spaees between the shot, and it is in 
these spaees the water earries the earthy matter up 
the tree." 

" You said, papa, that the water had a twofold 
office to perform ; will you explain its other use ?" 

" Now, as the water aseends, the tree has need 
not only of the earthy mattery but it has need of 
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hydrogen. Yon remember that I told yon that 
water was eomposed of oxygen and hydrogen." 

** You sliowed us, papa, wlien you spoke of the 
earthy matter, how it eould be fonnd in the tree ; 
ean you tell us how hydrogen is found in the 
tree ?" 

" Oertainly. Take a pieee of dry wood and bum 
it, and if itAames there is hydrogen in it ; in,fact, it 
is the heat whieh driyes out the hydrogen, and 
ignites it, and with the aid of the air eauses it to 
flame." 

" Why, we may see that eyery day. Is it hydro- 
gen that eauses eoal to flame when put on the fire ?*' 
** Yes. In fact, if we had no hydrogen we should 
haye no flame. In all yegetable substanees there is 
hydrogen, and if you ean manage to drive it out by 
heat it will flame. You now understand that, as the 
sap aseends the tree, part of the water is deeomposed ; 
the hydrogen goes to form wood, and the oxygen is 
set free. Now, the oxygen is a very light gas, lighter 
than the air we breathe. As soon as it is set at 
liberty, it naturally strives to eseape upwards, driv- 
ing the sap up as it aseends. It is a remarkable 
fact, and will explain the theory of the aseent and 
deseent of the sap. Some persons say thattthe sap 
aseends and deseends. We know that it aseends, 
and that the oxygen like all gases expands with 
heat ; therefore the sap eontinues to aseend during 
the day, and as the air gets eool in the evening and 
night the oxygen eondenses and the sap deseends." 
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'' Are we to Tinderstand that all the water or sap 
is deeomposed ?" 

" No, eertainly not ; only snfficient for the wants 
of the tree. A great deal of inoisture eseapes through 
the leayes. You ean try the experiment almost any 
day you please ; but a warm day, when the sun is 
shining very brightly, will answer best. Take a large 
glass and set it oyer a healthy plant, and in a few 
minutes its sides will be eoYered with small drops of 
water." 

"I haye often obieryed," said Emily, '*how 
mueh better plants thrive with rain water eompared 
with those we water with the water from the 
weU." 

" Sueh is the fact ; and the way this is aeeounted 
for is the water from the well eontains a great deal 
of lime, and other substanees, and is generally what 
is termed hard water. Thus the spaees of hard 
water are full before the water enters the ground ; 
therefore there is no room for the earthy matter ; 
thus, when the hard water aseends the potes, it takes 
little or no nourishment for the plant. Rain water 
is nearly pure when it falls, and is therefore able to 
absorb those earthy substanees whieh ar^ so needful 
to the plant. In this we eannot fail to obsenre the 
wisdom of the Greator in the arrangements of his 
works. To a eommon observer it appears to be a 
matter of little importanee whether plants receive 
hard or soft water ; but, if it rained hard water 
instead of soft, those &oft and invigorating showers 



20 EDWIN MAY8 

whieh eause life and yigour to the yegetable world 
wonld fall nearly useless." 

'^ Do all trees take in the same amount of 
hydrogien?" 

'^ No, Emily. Those trees that take in the most 
hydrogen haye always soft wood, and those that take 
in the most earbon and earthy matter are the 
hardest.'' 

'^ How do you know, papa, that there is more 
hydrogen in soft wood than in hard? " 

*' Beeause in soft wood, as willow, deal, &c., there 
is mueh more flame, and less ashes, than in sueh 
wood as oak or mahogany." 

'' You just mentioned another substanee whieh is 
formed in trees. Oarbon, I think you ealled it." 

'< Yes, that is one of the prineipal elements, and 
without it the tree eould not exist." 

" Does the earbon go through the roots ?" 

'^ No. Many persons think that it goes through 
the leayes ; but this, I belieye, is a mistake, as I 
will shortly show you." 

" But before you explain it, papa, will you tell 
us what oarbon is." 

*' The earbon in the tree is mostly ealled eharooal ; 
that is, a pieee of wood out of whieh, by means of 
heat, the hydrogen has been driyen. If you. take a 
pieee of stiek, and put it in the Are, it begins to 
smoke ; take it out and look at it, and you will find 
it blaek ; that is, the hydrogen has been driyen out, 
and the earbon is left." 
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** If the earbon does not go tlirongli the roots, 
nor through the leayes, how does it get into the 
tree ?" 

'' That is a qnestion that has neyer been satis- 
factorily answered ; as I told you, the general idea is 
that it goes through the leaves. Now, I have shown 
you elearly that the sap's progress is upwards, 
and therefore it eannot go that way ; if so, the top 
of the stem of the tree would be the largest. There 
is no reasonable way to aeeount for earbon getting 
into the tree, but by the bark. I have every reason 
to believe that the bark aets with regard to earbon 
just in the same manner as the bark of the roots aets 
with the water, that is, it absorbs earbon. I will 
give you my reasons for it. First, if you eut off a 
pieee of the bark, say a few square inehes, that spot 
from whieh you have eut the bark eeases to grow ; 
that is, you have eut off the souree from whieh the 
earbon is derived, while, in a short time, a thiek eoat 
of wood has been growing all over the tree, eieept 
where the bark was eut off. There is another 
reason whieh, I think, is still more forcible; but 
first I will ask you whieh is the greatest, the bottom 
of the stem of the tree or the top. The top, of ' 
eourse ; and I think that is the general rule through 
all trees. If you look at a fcill-grown timber tree, 
you will find the stem nearly twenty feet high. 
Now, if you notiee, the higher the stem grows the 
smaller it is at the top, or where the arms braneh 
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afif. Now, this is jiist what would happen if tlie 
earbon was absorbed by tlie bark." 

^* How ean you prove it,- papa?" 

" Easily. You remember, wben I explained to 
you that the atmosphere or air was fort7-fiye miles 
high, that it was denser at the earth's surface than 
it was a mile high; that is, the air is thieker 
elose to the earth's surface than it is a distanee 
from it.'* 

" Yes, papa, I remember it well, and you also 
showed us, with a mountain barometer, that the air 
pressed more heavily npon us in the dining-room 
than it did in the room aboYe." 

^' I am glad you remember that fact, as it will 
help you to understand what I am trying to explain. 
As the air is denser at the foot of the tree than at 
its branehes, it follows that there must be a greater 
amount of earbon .at the bottom than at the top ; 
and then, if the earbon is absorbed by the bark, the 
top of the tree must be smaller than the base, for 
the simple reason that the base of -the tree has a 
more plentiful supply of earbon than the top. There 
is another reason, also, whieh leads me to think 
that the earbon is absorbed through the bark ; and 
that is, the Oreator, in all his works, as far as I 
ean aseertain, does nothing in Yain. Now, the bark 
of a tree is always rough, or mostly so, and more 
partieularly near the bottom of the tree, thus show- 
ing us that, by the bark being rough, it presents a 
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greater sarface to the atmosphere, whieli enables it 
to eateh more earbon than it eould do if it was 
smooth. Another thing is shown — ^that, where the 
earbon is the most plentifal, the greater snrface the 
tree presents to eateh it." 

" Now, papa, will you.tell us how the earbon gets 
in the air, as we eannot see it?" 

'' It is not found in the air in its simple state, 
but in what is ealled earbonie aeid, or oxygen and 
earbon." 

" How is earbonie aeid earried through the air?** 

'^ It is a most wonderful thing that earbon is a 
solid Bubstanee, but, when ehemieally mixed with 
oxygen, it beeomes a gas. That is to say, the 
earbon eannot moye of itself, but is taken up by 
its neighbour oxygen, and away it fiies through the 
air till it eomes in eontaet with a tree or plant, 
when, immediately it is dashed against a tree, a 
ehemieal ehange is formed, the tree attraets it, and 
the oxygen is again free." 

" How is it first formed, papa ?" said Edwin. 

'^ All animals that breathe, take in oxygen, and 
giye out earbonie aeid ; when a fire is buming, large 
quantities are formed ; in fact, whereyer animal or 
yegetable substanees are deeaying, earbonie aeid is 
forming. We use oxygen in breathing, and, while 
breathing, we are preparing a substanee for the use 
of the yegetable kingdom. Thus we breathe out a 
poisonous gas, whieh the yegetables purify. In 
this way, how beautifully it is arrangedl we breathe 
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ox7geii and giye oat earbonie aeid, and the tree 
breathes earbon and giyes us baek the oxygen. 
Thus, the greater part of the vegetable world is eom- 
posed of waste materials, as it were ; and, «s we look 
at the tree with the eje of a ehemist, we ean see a 
wonderful eombination of a little earthy matter, a 
portion of hydrogen and earbon, with the aid of a 
little water. K we look at it with the eye of a 
Ghristian, we eannot fail to see in it the most 
astonishing reyelations of our Almighty Father's 
power." 

" You have not yet told us the use of the leave8." 

'^ I shall now speak of them. Have you any 
question to ask ?" 

**yes, papa; of what use are the leaves to the 
tree?" said Edwin. 

** Those persons who have written upon the sub- 
ject say that they are to absorb earbonie aeid from 
the atmosphere ; but I think that they are for a very 
different purpose." 

" What is your idea of their uses, papa ?" 

*' I think that they are to help to draw the sap up 
the tree ; for we know that it is through them the 
waste moisture has to pass before it is dispersed in 
the air." 

" How do they assist the moisture to aseend the 
tree?" 

" They are so arranged that, when the sun is 
shining, the moisture from them is always being 
eyaporated; thus a eontinual supply is Aowing to 
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the leayes from the tnink, whieli must assist to keep 
the sap moving." 

** Why do the leaves fall every year?" 

" This is another of those wonderful pro^isions of 
Nature whieh we eannot look upon without admira- 
tion.* At the end of the year, if we examine the 
leaves, we shall find many of them searred with hail- 
stones, bitten through with inseets, wounded by the 
winds, and otherwise damaged; so that after one 
year's wear they are wom out." 

" Is that the reason why they fall, papa?" 

" No, Emily. In the autunm, as the heat of the 
sun deelines, there is not sufficient heat given to the 
tree to expand the oxygen in it, and, therefore, the 
sap eannot reaeh the leaves. Thus the leaves die for 
the want of support, and when there eomes one sharp 
fro8tthey fall.*' 

" Why does the frost eause them to fall? as I have 
notieed that many times." 

" You know that eold, like heat, eauses Auids to 
expand. Now, when it freezes, all the little par- 
tieles of moisture in the leaf are expanded into iee, 
and, as they expand, they rend the little fibres of 
the leaves ; so that, when the iee is thawed, the leaf 
has nothing to support it, and the first gentle breeze 
sbakes it down.'* 

Why do the leaves tum yellow before they fall?" 
said Emily. 

" As they deeay the hydrogen eseapes from them, 
and, as this takes plaee, they gradually ehange 
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eolour — first, yellow ; and, as tlie hydrogen eseapes, 
next brown ; and, if you examine them after they 
fallen a few weeks, you will find them blaek, thus 
showing that all that is left is the earbon." 

^^ I haye heard, papa, that in winter all the sap 
goes into the roots. Is that true ?" " 

^' No, Edwin. I do not say that the sap does not 
deseend a little ; beeause we know that the eold eon- 
traets the oxygen in the pores of the tree, and thus 
allows the sap to fall, in some small measure. And 
in this eondition the tree remains all the winter.*' 

" But how is it that the tree eannot grow as well 
in winter as in summer?" 

^' Beeause there is not heat enough to eause 
ehemieal aetion in the tree ; and therefore the tree is 
obliged to remain in that state till the weather be- 
eomes warm, when the proeess again eommenees.*' 
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OHAPTEE IV. 

• BLOSSOMS, PRUIT, ASJ> BISTRIBUTION 0F SEEDS. 

EveTy plant has a blossom peeuHar to itBelf — ^Why tlie Aowers 
are different in eolonr to the leayes — Why Aowers give 
out an odour — Tlie nBes of oolonr and odonr to Aowers 
— ^The pollen or dnst of one blossom inoeulates another— 
How Aowers in natnre are inoenlated — The nses of bees 
and biitterflieB to Aowers — Why frait bloBsoms are injnred 
by fro8t— Blight — Ita eanses — How frnit is preseryed till 
its seeds are ripe — How apples, plnms, wahmtB are pre- 
seryed— How trees are transplanted by natnre — The nses 
of sqnirrels. 

'^ I HAYE ofken looked at the blossoms of trees; 
and it has often struek me as wonderful that they 
should always be of a difiFerent eolour to the leaves." 

** You are right, Emily ; and nearly every speeies 
of tree has a blossom peeuliar to itself.^' 

^'The blossoms of some plants have pleasant 
odours,'*. said Edwin, ** as the honeysuekle, the 
rose, the pink, and many others. Can you tell us 
why the rose is red and the leaves are green ?" 

** Beeause they are made of slightly different 
materials. AU Aowers eontain a little more hydro- 
gen than the leaves, and it is only for that reason 
that we ean aeeount for the fact. With regard to 
the first part of your question, why some Aowers 
giye out a pleasant odour, I think we may aeeount 
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for that in this way. You know that all plants nse 
eertain materials for their sustenanee ; some use more 
of one material than another, and what is'not used, 
or the waste matter, goes out through the leaves. 
Let us take, for instanee, the sweetbriar. There is 
every reason to believe that the sweet odour that it 
gives out is nothing more than the waste matter 
whieh it is throwing off. In the rose bush, the 
matter is only throYm off through the Aower, and is, 
no doubt, the refuse of what the Aower is eom- 
posed of." 

" Then, papa," said Edwin, "you think the 
odour of Aowers and plants is produeed when the 
plant is throwing off its waste material ?'' 

** Yes, Edwin. If you notiee, after a shower of 
rain the odour of plants is always the most power- 
ful. Thus, you see, when the proeess of vegetation 
is the most rapid the odour is the most powerful." 

" Do you think, papa,'' said Emily, **that the 
eolour and odour of Aowers are of any real use to 
them?" 

** Yes ; if it was not for both their eolour and 
smell, millions of them would not eome to per- 
fection, or bear fruit. AU blossoms are, to use a 
gardener's phrase, either a male or female blossom, 
and it is the female blossom that brings forth fruit ; 
but, unless the fruit blossom eomes in eontaet with 
the pollen, or dust, of the male blossoms, the others 
will not produee fruit." 

** I have heard that before, and I never eould 



PHILOSOPHY. 29 

nnderstand liow tlie dust from one blossom eould be 
conveyed to another." 

" In tbat we have one of those wonderiul eon- 
trivances of Nature. In every blossom therfe is 
lying at the bottom a small drop of honey, whieh is 
mueh coveted by inseets, partieularly bees and 
butterfiies. Now, if you examine a bee^s neek, 
there is a sort of hairy eollar, whieh gets full of this 
poUen ; and, as the bee thrusts its head doym into 
the Aower, this dust shakes o£f, and thus the blos- 
soms get inoeulated, as it is termed. We ean now 
answer your questions of what uses are eolour and 
smell to the Aowers. If all the blossoms had been 
of the same eolour as the leaves, the inseets would 
have had a difficulty in finding them ; but, as it is, 
they have two senses to direet them, — sight and 
smell." 

" I have always thought that bees were only for 
eolleeting honey." 

" Instinet direets them to do that, for their own 
preservation in winter ; but, while they are doing it, 
they are performing a work whieh is of inestimable 
value. The butterfiies and bees are some of our 
most useful inseets ; in fact, if it was not for their 
services we should have no fruits whatever." 

** Are there any other inseets that perform this 
kind of work, besides bees and butterflies?" 

^' Yes ; myriads of flies and gnats are all intent on 
obtaining that drop of honey, and at the same time 
they eannot do it without inoeulating the Aowers as 
they fly from one to another." 
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'' Really, papa, I did not think that butterflies 
were of any use, except for us to admire." 

" I dare say not ; but there is not a beast, bird, or 
inseet, but has its mission from the Greator, and 
knows, by its instinets, what its duties are." 

'^ I remember last year, papa, that all the goose- 
berry bushes were full of blossom, and yet we had 
no fruit. How ean you aeeount for that ? " 

" I remember it, Edwin, quit^ well. One night 
there eame a severe fro8t, and eut them off." 

" Yes, papa, I know that ; but how is it that the 
frost euts them off ? " 

** I think I have told you that when water itee^es 
it expands. Now, these little blossoms are full of 
moisture, whieh, when frozen into iee," expand, and 
burst the vessels whieh hold it, and thus the little 
pores of the Aowers are tom to pieees, and ean no 
longer get sustenanee from the tree, and they die." 

** What is meant by a blight ? " 

"A blight is very often eaused by the north-. 
east winds ; and as these winds eome from eold 
and frozen regions, the winds are very eold, whieh 
stops the proeess of vegetation, and then the blossoms 
die." 

" I think we have now done with the blossoms, 
and must epme to the fruit. I eannot tell you 
the eause of the fruit, or what produees it, further 
than in most trees and plants it is to propagate its 
speeies.*' 

** I have often notieed," said Emily, ** how 
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wonderfully tlie seeds of trees and shrabs are pre- 
senred tUl the seed is ripe." 

** Yes ; let us take an apple as an instanee. As 
soon as it is formed it has a very sour and un- 
pleasant taste, — so unpleasant, that nothing will. eat 
it. This sour taste lasts till the seeds or pips are 
ripe ; and when they are nearly ripe the taste of the 
apple ehanges from sour 'to sweet, and is then most 
pleasant eating. If we examine a ripe apple, we 
shall find the pips eneased in a sort of horay ease, 
whieh is, for the most part, thrown away when the 
apple is eaten." 

** I have also notieed that the pips have a very 
nnpleasant, bitter taste.'* 

" Yes ; and it is that unpleasant taste that 
prevents us eating them, and thus the seed is 
preserved." 

" I think nearly all fruit is unpleasant before it is 

* if 
npe. 

** Yes ; look at the plum. What is more un- 
pleasant to the taste than unripe plums ? This is 
one of those wise arrangements 'of nature to preserve 
the seeds of trees. If the young fruit had a 
pleasant taste, myriads of flies and birds would be 
ready to prey upon them, and thus the seed of future 
trees would be destroyed." 

" I have often notieed how wonderfully the walnut 
is preserved." 

" Yes, Emily ; the walnut itself, from its first 
formation, is yery sweet and pleasant to the taste 
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and were it not well proteeted it would soon be 
deyoured. In the first plaee there is the outside husk, 
whieh has a most unpleasant taste ; eyen if an 
inseet eould bore through that, it eomes to a hard 
shell whieh wouLd entirely hinder it from getting at 
the kemel. There is another thing whieh proteets 
the fruit till it is ripe, and that is its eolour : when 
unripe it is of the same eolour as the leayes, but as 
it ripens it ehanges the eolour to yellow, brown, or 
blaek. This would lead us to suppose that it was 
an arrangement of nature, so that the eolour might 
not attraet the notiee of birds and inseets so that 
they might feast upon them before they were ripe." 

^' It is a most wonderful thing that the sour apple 
as it ripens should ehange to sweet. You see it is 
the yery opposite." 

'^ Yes ; a ehemieal ehange gradually takes plaee, 
and ehanges the add to sugar, or to saeeharine 
matter, as they eall it." 

" I haye often notieed when we haye walked 
through the wood yonder, what a number of different 
sorts of trees we may see, — ^here an oak, there a 
blaekthom, whitethom, hazel, a erab-tree, and many 
others. I haye often wondered how they eame there 
at first." 

** It is plain to you, Emily, that man did not 
plant them, or they would haye been planted with 
more regularity. The erab-tree has yery likely been 
planted by a hedgehog, who is yery fond of erabs, 
but will not eat the pips ; these he has left, the foot 
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of an aniinal may haye pressed it into tlie gronnd, 
•and 80 it has taken root, and groTm into a tree." 

'^ Nearly all oyer this neighbourhood there are 
large oak larees^ and it always seems to me that 
where we find one oak tree there are large 
numbers." 

*•* YeSy sneh is the fact ; and nearly all those 
trees haye at' some period been planted by the 
8qmrrels. In antmnn, when the aeomsy beeeh-nnts, 
and hazel-nnts are ripe, then it is tiiat the little 
ereature makes itsell so nsefal ; it is then it per- 
forms the great mission for whieh it was ereated. 
For weeks. the Httle ereature may be seeneHmbing 
and skipping from one bough to another, seleeting 
the ripest aeom or hazel-nut, whieh it brings down 
with the utmost eare, and takes it to a little distanoe, 
seratehes a hole in the ground, and buries it. When 
all the nuts are fallen, it does not eease its labours, 
but eontinues to seleet the best nuts that lie upon the 
ground, and takes them one at a time and buries 
them. In this manner it ydll employ itself till the 
eold weather sets in, when it will take itself to its 
Best, eurl itself up, aud sleep soundly till the winter 
storms haye passed away, when it wakes up lean 
and hungry, and begins to erop the young brariehes 
of the trees. It is said that the squirrel does 
muoh harm to the trees. Eyen if he does eat the 
young shoots, we ought not to perseoute him, but 
remember if it was not for his seryiees we should 
not haye so many trees as we haye.'* 

n 
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^' It is a wonder, papa, that there are not many 
more oaks or nnt-bearing trees than there are/' 

'^ So there wonld be, if it was not for another of 
our mueh-perseented animals.*' 

"Whatisthat, papa?" 

" The wild rabbit. At first sight we are ahnost 
inelined to snppose that this little animal was sent 
only to be the food of man, but the Great Greator 
has giyen it its proper sphere and labours to perform. 
We hare iust said that the sauirrel plants the nut- 
bearing Lb. In time, thL aU Bpring up, and 
would beeome so thiek as to ehoke all others, if it 
were not for the wild rabbits, whose food they 
beeome. Thus the wild rabbit is sent to thin the 
trees whieh the squirrel has planted.'' 

'' Are there any other animals whieh help to dis- 
tribute plants?" 

" Yes, Edwin. The blaekbird is fond of sloes, 
and haws, but after it has eaten them it is only the 
pulps that digest ; the stones or seeds pass through 
them unharmed, and are earried, perhaps, miles from 
where they grew. The sparrows are very fond of 
ripe gooseberries and eunants, but their digestion is 
not strong enough to digest the seeds, and therefore 
they are dropped often in very eurious plaees. I 
have seen eurrant bushes and other berry-bearing 
shrubs on the tops of willow trees and old walls, and 
I onoe saw an elder shrub growing out of the but- 
tress of a ehureh. Grows are very fond of wahiuts, 
and if they ean get one they will earry it for a eon- 
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Biderable distanee, and try to break tbe sbell against 
a stone, wbieb failing to do tbey baye been seen to 
bide it in tbe grass, and Ay off for anotber." 

** Are tbere any otber ways in wbieb trees and 
sbmbs are planted 7 '* 

" Yes, Emily; one of tbe great agents is tbe 
winds." 

" I bave seen often," said Edwin, " plants on tbe 
tops of walls and on trees ; and wbereyer tbere is 
root-bold tbere are almost sure to be plants." 

" Tbere is no doubt but tbe seeds were earried 
tbere by tbe winds. Tbe most eommon in sueh 
situations are grasses, dandelions, tbistles, &c. 
Wben tbe seeds were ripe, a breeze of wind swept tbem 
into tbe position in wbieb you saw tbem, wbere 
tbey remained till tbe wind eoyered tbem witb dust, 
or tbe rain fell and spattered tbe mud upon tbem ; 
ibey tben struek root and grew.'* ' 

** Don't you remember, papa, pointing out to me, 
last spring, as we were trayelling along tbe rail- 
road, tbe eowslips growing along tbe sides of tbe 
euttings?" 

" I almost forget tbe eireumstanee now ; perbaps 
you will relate it to me ? " 

" If you remember, we saw bere and tbere 
bunebes of eowslips ; • sometimes tbere were two or 
three togetber, and sometimes tbey stood in elusters 
of nine or ten. I asked you bow it was tbey grew 
in tbat manner. Ypu said it was yery probable tbat, 
by means of tbe winds, a seed bad been blowu over 

D 2 
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the bank, and had taken root^ The next year it 
bore a solitaiy eowslip, wbieh was snSered to ripen. 
When the seed was ripe and the seed yessels burst, 
the winds were waying and blowing the stem aboat, 
fto that they were jerked out of the seed yessels all 
aroond the parent stem. The next year they beeame 
phints, as we saw them, and in all probability th^ 
same fate awaits the seeds whieh these will yield this 
year.*' 

'^ I remember the eirenmstanee now you speak of 
it, and am glad jou remember what I told jou. It 
is in that waj nearlj all plants of the smaller kinds 
distribute their seeds. The seeds of some plants 
haye fine downj balloons, shaped something like 
wings, attaehed to them, sueh as the dandelion, 
lettuee, &c., so that, as soon as thej are set at 
Iibertj, the winds take them, and awaj thej flj, till 
thej are stopped bj a wall, a wood, or a hedge. 
The rain deseends, thej get eoyered with earth, — ^the 
next spring thej strike root, grow, and propagate a 
fresh erop." 

^' I haye often notioed how frequentlj nettles 
are found growing in hedges, and bj the sides 
of walls and buildings. How is that aeeounted toT^ 
papa ? " 

** When the seed of the nettle is ripe, it is blown 
along bj the winds till it eomes in eontaet with a 
wall or other obstruetion, where it falls, and there 
takes root. This is the reason whj hedges are 
alwajs so full of nettles and other weeds.*' 
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'' Are tliere any other agents for the distribation 
ofplants?" 

"Yes, water. In some of the large rivers of 
Bpain, at the season of the year, oranges may be 
seen Aoating down the streams. Also, all along the 
shores may be seen orange trees growing in an 
irregular manner, whieh shows that they were not 
planted by man. The oranges haye fallen from the 
trees into the water, by a sudden fall of rain the 
riyer has oyerAowed its banks, the oranges haye 
thus been east ashore, where they haye taken root 
and grown. In the same manner, eoeoa-nuts are 
offcen transplanted. The monkeys sometimes earry 
them eonsiderable distanees, and then throT^ them 
away. In eoneluding this eonyersation, my ehildren, 
let me again eaU your attention to what you haye 
leamed, and let those facts bring your mind still 
further to adore the Greator of those wonders whieh 
I haye attempted to lay before you." 
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OHAPTER V. 

PBBSSenTED AKIHALS AKD THEIB USES. 

Perseoated animalB and their nses — ^The wild rabbit — ^lts 
destradtiTe eharaeter — The weasel— Its iu6b — The fox 
and its nses — The rook and its nses — The mole and its 
nses — ^The sparrow and its nses — ^The wasp and its nses. 

'^ In onr last eonyersationy you mentioned the 
wild rabbit as of great nse in thinning the trees 
planted by the squirrel8." 

" Yes, Emily, and if you wisli for any further 
information on the subject, I shall be glad to assist 
you.*' 

^^ Are there any other animals that assist to eat 
the young plants, as they spring up?" 

** Yes, the hare, but it does not so mueh eat 
young trees as the rabbit ; the food of the hare is 
mostly obtained from the open fields, and not from 
thiek woods and ^orests.'* 

" I haye heard that the rabbits breed yery fast. 
What is there besides man to keep them from be- 
eoming too numerous ?'* 

** The wild rabbit, if allowed to breed undisturbed, 
would, in a few years, beeome so numerous as to 
devour every green thing that they eould get at. 
Not many years ago, they were preseryed in a large 
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wood in Hertford8liire, and in five years tliey beeame 
80 nnmerons, that in winter, wlien there was a 
seareity of food, they gnawed the bark oflF the trees 
as high as thej tovld reaeh, killing the wood for 
aeres irt estent. They began to spread oyer the 
comfields, and if thej had not been destroyed, they 
wonld, in another year, haye done a yast amonnt of 
mischief. The wild rabbit has many enemies, but 
the m6st formidabIe are the weasel and ihe stoat." 

'^ I shonld not haye snpposed that a weasel eonld 
destroy a rabbit." 

" A weasel has been known to traek a hare for 
nearly eight miles in the snow, and to weary it out 
at last, and prey npon it. It does not eat the hare, 
but fixe8 its elaws into its neek, and then sueks its 
blood, the poor hare^mnning to eseape from its 
pitiless foe till it drops from loss of blood. When 
it has satisfied its hunger, it leayes the remains of 
the hare,.which are then deyonred by the erows and 
jay8. With regard to the rabbit, it will neyer attaek 
the old ones if it ean find young ones. It will, 
when hungry, enter the bnrrow of a rabbit, and 
destroy eyery one of its young, before it will eom- 
menee its meal. After satisfying its appetite, it 
will then retire till hnnger eompels it to enter 
another hole, where the Same destruetion again 
takes plaee." 

** Now I think I see the nse of the weasel, papa." 

"Whatisit?" 

'* To keep the rabbits from beeoming too munerous." 
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** Tes, and not only the rabbits, but rats and 
miee, fall a prey to its rapaeious appetite. A few 
years ago, a staek of eom stood in a field wbieh 
was mueh in^ested with rats. All at onee it was 
notieed that the rats left the staek, — not one eould 
be found. In a short time it was found that a 
weasel had taken up his abode in a hedge elose at 
hand, whose presenee had disturbed the rats. Some 
time sinee it was found that the Forest of Dean 
was mueh infested with miee, so mueh so, that they 
beeame so numerous that they began to eat the 
roots of the trees, and thus doing a yast amonnt of 
mi6chief. The eause of this mischief was the persons 
who had eharge of the fore8t had giyen orders to 
ehoot all the vermin, as they are termed, and thua 
the whole fore8t beeame oyerrun with miee. 

'' Has the rabbit any other enemy besides the 
weasel?*' 

** Yes, thefox ; although he must hayehis oouple 
a-day, he is not half so rapaeious as the weasel, 
for the fox only kills what he wants to eat. The 
fox will also eat the weasel when sharp driven by 
hunger, or in £Ebct almost anything else that eomes 
in its way." 

" Then," said Edwin, " the fox is of some use, 
besides being hunted ?'' 

** Yes; 'he has his duties to perform, whieh are 
to assist in keeping the rabbits, partridges, and 
pheasants from beeoming too numerous.** 

^' I haye often thought, papa, that all these little 
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animals haye some duties to perform, if we only 
knew what they were."# 

" You are right, Emily ; and what appears most 
strange is, that those animals whieh are really nsefal 
are the most perseented. Look, for instanee, at the 
fox ; if it had not been preserred for the ehase, it 
would, in this eountry, haye been extinct ; yet, rf it 
were not for the fox and weasel, rabbits and 
partridges woold beeome so numerous as to be a 
pest." 

** I often think, papa, that the rook is very mueh 
perseeuted," said Edwin. ** Do you think that it 
deseryes the eharaeter for pilfering that it receives ?'' 

** The rook is one of the best friend8 the farmer 
has; and the farmer generally thinks, him an 
enemy. The rook is a bird of great appetite, and, 
when it has its young to provide for, it is ineredible 
the amount of food that they will eonsume.^* 

" What is their prineipal food ?'* said Edwin. 

" Their favourite food is the grub of the cockchafer. 
This grub has been known to destroy whole meadows, 
as it mostly feeds upon the roots of grass. In a 
yillage in Cambridgeshire, the rook was voted by 
the parishioners as a nuisanee, and a penny per 
head was given for all that were destroyed. In a 
few years, there appeared a grub whieh eat off all 
the yonng eom and seeds ; then arose the question, 
how were they to get rid of them ? They tried to 
poison them with lime and salt, but it had no eATeet 
whatever. One day, by aeeident, a farmer opened 



42 EDWIN MAT*S 

ihe gizzard of a rook, and, to liis snrprise, instead of 
finding eom or potatoes, as lie had antieipated, he 
fonnd those identieal gmhs. Thns they fonnd ont 
that the only thing eapahle of destroying the pest 
was the rooks. From that time the rook has heen 
looked npon as a friend. And, if in dry weather the 
grohs and wprms are searee, the farmers do not gmdge 
them a little eom. The rook may ofben he seen on 
ground that is newly sown, whieh often leads the 
farmer to suppose that he is there to pilfer ; hnt, 
instead of that, he is there aft;er the gmhs that the 
plongh and harrows haye tnmed np. The rook some- 
times pulls np the young eom ; hut that is only when 
there is a gmh or wireworm at the root. Thus 
yon see that the rook has its duties to perform, as 
well as the other small ereatures whieh we haye 
mentioned." 

'^ Eeally, papa, I am quite snrprised to hear that 
these little animals are of so mueh use. I nerer 
before thought they were of any use, and that it was 
Ihe duty of every person to destroy them." 

" There is another little animal whieh I wish to 
speak of, and that is the mole. There is not an 
animal in England more perseeuted than that is, and 
there is not an animal of its size of more use.*' 

" I have often heard the farmers and gardeners 
eomplain of the mole as doing so mueh mischief." 

" So have I, Edwin; and it is eonsidered one of 
the farmer*s greatest enemies, heeause it tums up 
earth while in pursuit of its prey. 
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''Do yoa know, papa, what tbe mole sabsists 
upon?" 

'' The mole, like tlie rook, feeds apon earthworms» 
grnbs, laryse of inseets, wireworms, and other in- 
seets whieh feed apon roots. ' Those bnrrpws whioh 
we often see, and whieh giye saeh an o^Tenee to the 
f%rmer, are the mole*s traps — ^his hanting groands. 
The mole has no permanent home, bat ehanges his 
plaee of abode as eireamstanees demand. He always 
eontriyes to fix his temporary abode where there is 
plenty of food. At first, his barrows are short; 
and it is into these borrows that the inseets stray of 
whieh he is so fopd. If he finds safficient inseots in 
his barrows, he does not enlarge them ; bat, when 
food beeomes searee, he pashes his barrows farther. 
In this way in time he woald, if anmolested, destroy 
millions of inseots that wonld destroy the erops. 
The qaantity of inseets that they destroy is enor- 
moas." 

'^ It seems, papa, that the Oreator made all things 
for a wise parpose. I always had an idea that saeh 
animals as the mole were only pests, whieh it was 
man's daty to exterminate as qaickly as possible." 

" Before I eonelade this conversation, there is 
another little ereatare whieh I wish to eall yoar 
attention to, and that is the sparrow." 

** Eeally, papa, ean yoa say any good thing aboat 
saeh a noisy, thieyish ereatare as the sparrow?** 

" The sparrowis of great ase.; and bat for its 
serriees we shoald in a short time be so infested 
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witli yarions kinds of inseets, tliat they wonld deyonr 
all that eomes in their way. The chief food of the 
sparrow is inseets, and it so happens that when the 
inseets, sneh as eaterpiUars, &c., are the most nnme- 
rons, the sparrows have large broods of yonng ones 
to proyide for, who, for the most part, from the 
moment they are hatehed till they leaye the nest, 
are ineessantly ealling ont for food. It is dnring 
that period that the sparrows destroy millions of 
yonng eaterpillars in a yery short time. The people 
of one of the islands between France and England, 
on one oeeasion, determined to rid themselyes of the 
sparrow, and paid to haye the birds destroyed. They 
sneeeeded so well, that in a short time they were 
able to say that there was seareely a sparrow to be 
seen. As soon as the sparrows disappeared, a new 
raee of foes appeared — ^whieh were myriads of flies — 
whieh eat up the yonng tnmips and eabbages ; and, 
in fact, there was seareely a green thing whieh 
eseaped their rayages. The good people leamed too 
late that it was the sparrows who had thns kept 
these inseets from beeoming too numerons. Thns 
you see, my ehildren, eyen the poor little perseented 
sparrow has its duties to perform, and without it we 
should get on but badly. Another great destroyer 
of inseets is the wasp, who seems to kill them 
not only to satisfy its hunger, but for the loye of 
destraetion." 

" I neyer yet, papa," said Edwin, " eyer heard 
before, a persou say a good word for the wasp." 
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'^ Perhaps not, and yet for all that it has its 
dnties to perform; and, if those duties were not 
aeeomplished, we shonld soon sn^Ter seyerel^. The 
wasp is snpposed to he a great enemy to man^ hnt 
sneh is not the ease. The Allwise Greator has sent 
it to be of nse, and it is beeanse we do not know 
enongh of its habits that we are apt to eondemn it. 
As I said^ they destroy eaterpillars by thousands, 
and not only do eaterpillars fall a prey to them, bnt 
flies of eveTj deseription. The bntehers in France 
will not destroy a wasp or homet, but rather eneou- 
rage them to their stalls, as they destroy the flesh 
flies. When an animal dies the flesh flies deposit 
their young by thousands in its eareass ; and it is the 
wasp^ the homet, and the rook, that deyour them. 
If it were not for the rooks, moles, sparrows, and 
wasps, the eaterpillars and flies would produee a 
famine." 
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CHAPTER VL 

I 

PRESERYATIOK 0F ANIMALS. 

How the hedgehog, dormoTise, and other animals that eleep 
dnriiig the winter are preserred — The enriona saYingi 
bank — The iSEit of the animal — How the frog and bat are 
preserred withont apparent nonrishment — Why birdg 
oome to ns in spring and leaye na in the antnmn — ^Why 
water-fowl fly sonthward in eold weather — The nse of the 
eamel's hnmp — ^BeAeetions on the ehapter. 

" I SHALL in tliis eonyersation try to lay before you 
tbe wisdom tbat is manifested by the Great Oreator 
in tbe preservation of animals. I bave sbown you in 
our last bow tbe inseet world was beld in ebeek, 
and I bave no doubt tbat you will be equally sur- 
prised at tbe wonderful manner in wbieb animals are 
preserved." 

'* I am glad you are going to speak of tbat ; for I 
bave wanted to know bow sueb animals as tbe dor- 
mouse, tbe bedgebog, bats, and many otbers subsist 
tbrougb tbe winter.'* 

" Tbese animals bave tbe power of going to 
sleep during tbe eold weatber, and tbus tbey eseape 
starvation. If tbey were as active in winter as in 
summer, tbey would require food. NoW, tbe food pf 
most of tbe animals wbieb you mentioned is inseets, 
wbieb in winter are not to be bad." 



PHIL080PHY. 47 

<< Do yon tliink that they reqmre no snbustenee 
dnring the time whieh they epend in sleepT'* 

'* Yes ; but not to the same extent as if they were 
in a state of aetiyity.'* 

" I do not see how they ean get it ; for the hedge- 
Log whieh we found last winter was as still as if it 
-was dead, and therefore it eould not eateh its food." 

" Tou are right, Emily ; and now I will explain 
to you how the animal is supported during its four 
months' sleep. Did you ever notiee that when a man 
Yrho is of a thoughtful disposition eams more money 
than he wants, he often puts by a small sum weekly 
into the sayings bank?** 

" Yes, papa, I have seen that ; but I really do 
not see what that has to do with animals lying 
torpid." 

" Wait a little and you will see. The man 8aves 
beeause he eams more than he wants ; but there may 
eome a day when he will spend more than he eams : 
then he will find his savings useful. It is just the 
same in the animal world ; every animal, as far as I 
am acquainted, is possessed of a sort of savings bank.** 

^' Really, papa, you make me laugh to hear that 
animals have a savings bank.'* 

'' It is a fact, and you have seen it seores of 
times.*' 

" I do not remember ever seeing one, and if I did 
I should not know it, perhaps.'' 

"You are right, Edwin; I do not think yon 
would unless yon were told. Have you ever been 
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into a butcher*s shop and seen a whole bnlloek or a 
sheep hang np ?" 

'' Yes, papa, I was there this moming." 

'^ Next time yon go, if yon look into the eareass of 
ihe animal, yon will see great qnantitie6 of fat in 
the hind part of the eareass.*' 

*^ I haye seen that oiten enongh.** 

'^ That fat, Emily, is the aiiimars sayings, and 
that part of the sheep, abont the kidneys, is the 
baAk. Not only does the animal deposit a ^nantity 
of fat abont its kidneys, bnt in all parts of its body. 
Now, this fat ean only be deposited there when the 
animal gets abundanee of food. Now, suppose there 
eomes a time when it eannot get sufficient food, 
what happens to it ?" 

'^ It gets less and less eyery day,** said Edwin. 

'^ And what part of the animal disappears, 
Edwin?** 

" The fat.** 

" You are right, the fat has gone to help to sup- 
port the animal, and has gradually disappeared. It 
is very eurious, if you look into the baek of a very 
lean animal when dead, you will find a sort of loose 
bag ; this bag held the fat whieh the animal deposits 
away. If it were not for this property whioh 
animals possess, sueh animals as are exposed to the 
inelemeney of a severe winter would perish with 
eold and hunger. Let us suppose a bu^Talo on the 
prairies of Ameriea. In summer the animal gets 
very fat ; but, as the eold of winter sets in, its food 
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gradually diminislies till it gets but very little ; when 
this is the ease the fat is gradually absorbed into the 
system, and thus the animal is sayed. If it were 
not for this wonderful provision, a soareity of food 
for three weeks would destroy every buffalo in North 
Ameriea." 

" Now you understand the uses of the fat in 
animals?*' 

" Yes, papa, it is to support the animal during a 
period of seareity." 

" Yes, Edwin; and now that brings us to how 
those animals are supported that eannot get any- 
thing to eat — as the bat, and many others. You 
are aware that they roll themselves up, with their 
noses in the thiekest part of their warm fur, as if 
they knew that they should not want to breathe, fall 
asleep,. from whieh they do not awaken till hunger 
ealls them. During the time they are asleep they 
breathe but very little, and consequently want but 
little nourishment, and what they do want is sup- 
plied from the ereature's own body. Frogs lie 
torpid during the winter, and do not breathe in the 
least. I have seen them taken out of ponds where 
they were found lying three feet deep in mud, 
and two feet of water over the mud ; therefore it 
was impossible for the frog to breathe in that 
situation.'* 

" Are there any other ways in whieh animals are 
preserred in time of seareity 7" 

" Yes, Emily, there are some birds .whieh live 

E 
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wbolly on inseets, as martins and swallows, and 
several others whieh eome to us in spring." 

" I have often wondered why they leaye us in the 
antumn, and retum in spring." 

^' It is one of those wonderful arrangements of the 

Greator whieh man has ealled instinet, whieh we do 

not understand, but whieh in the ease of animals and 

birds seryes in the plaee of reason. We do not 

know what direets the swallow to eome to the 

westem part of Europe to lay its eggs and rear its 

young, unless it is beeause of the rainy season, or 

from a seareity of inseets, whieh are itsnatural food. 

These birds are ealled migratory, beeause they moye 

from one part to another. It is yery remarkable 

that these birds eome just when the inseets begin to 

appear ; but when they have their young ,to provide 

for, then the inseets begin to appear mueh more 

numerous : thus it is, when the ereatures' wants are 

the greatest, the most food is to be found.** 

" Do you know why they leave our sho'res ?" 

** Yes ; as soon as the eold weather sets in, tlie 

inseets disappear, and the birds ean get nothing to 

eat ; and instinet tells them that they must go to 

some other part, where they ean find their food in 

greater abundanee." 

^' I have notieed, papa, that there are some 
birds that leave us in spring, and retum towards the 
north to lay their eggs and rear their young." 

** Yes, there are seyeral, as the fieldfare, the 
snipe, and the teal, and seyeral others. It is yery 
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enrions to notiee in tlie winter, when a sliarp frost 
sets in, with a fall of snow, wliat a host of strange 
birds appear about oor rirers and ponds. These, 
for the most part, are water-fowl.^* 

" But why do they eome here?" 

'' Simply beeause the riyers and lakes wherethey 
mostly resort are frozen oyer, and thej eannpt find 
8nfficient food to subsist upon. It is then the wild 
geese and dueks risit us. No sooner does the 
wind get southward than you may see these northem 
birds gently winging their way towards the north. 
If a sudden fall of snow takes plaee, you may see 
the larks are in great agitation, and fly sereaming 
about ; and in about an hour from sunrise, you may 
see them on the wing, all Aying in a southerly 
direetion. There is one more instanee, whieh I will 
mention as worth eoming under your notiee, and 
that is the eamel. 

'^ Yes, papa, I haye read about it, and know all 
about it," said Edwin. 

" Then tell me, my son, of what use the hump on 
itsbaekis?" 

** Why, papa, it is put there by Nature." 

" True ; but Nature did not put it there in yain, 
no more than gaye it a small head and- long neek, 
and a stomaeh to hold water." 

** I am sure I do not know, papa." 

" "Without that huge hump the ereature would no 
more be able to eross the desert than a eow or horse. 
That hump is all fat. The eamel has two sayings 

B 2 
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banks— one inside, and one on the outside. It is 
these humps that partly support the animal, when 
gn its long and toilsome ^oumey. I was told by a 
gentleman who had trayelled in the East, that no 
Arab will start on a long ^oumey without the hump 
of the eamel being well extended ; in fact, they 
eonsider them unfit for work if sueh is not the 
ease. 

* *,These are, my ehildren, a few of the ways in whieh 
the Allwise Greator preseryes and keeps aliye 
myriads of beings ; but for these wonderful means, 
the whole of the lower animals must perish fi:om the 
face of the earth. I haye only direoted yoiir atten- 
tion to a few instanees ; there are plenty of others, 
whieh, I haye no doubt, now your minds haye been 
direeted to them, you will easily leam yourselyes.'* 
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OHAPTER VII. 

FIRS. 

Introdnetion to tiie Bubject — Ignoranee of eommon object8 — 
The betst means oi prodneing a fire — Tlie eanse of flame — 
Why large fires are difficiilt to eitingmsh— The osygen of 
the air — ^Why eoals wiU not eateh fire so easily as ehips — 
What is a fire ? — ^Whabwood oontains plenty of hydrogen 
— ^Patent firewood. 

'' Eeallt, papa, I haye thouglit a great deal 
about onr last eonyeTsations ; and tbe more I bear, 
tbe more I want to know." 

'' I am glad to bear you say tbat ; and if tbere 
is any tbing in partienlar tbat yon want to under- 
stand, I sball be glad to assist you, if I ean.'' 

" Tbere are so many tbings, and I want to know 
abont tbem all." 

" I am bappy to bear tbat ; but, in your burry to 
know many things, you must not forget to lay a 
good foundation upon wbieb to build your pyramid 
of knowledge." 

" I, too," said Edwin, " wisb to get on as fast as 
I ean ; but I do not like to aim at too many tbings 
at onee, but to take it a little at a time. I always 
find tbat it answers best, as I get on slowly, but 
surely." 

'* You are rigbt ; you may not get oyer so mueh 
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groand, but you do your work mueh better. Now, 
Emily, will you tell us one of those things wliieh 
you wish to understand.*' 

" The subject, papa, is fire." 

" Why I do not think that there will be mueh 
diSleulty in explaining that, as there is not mueh 
philosophy in so eommon a thing as fire." 

'^ I am afraid that you mistake the meaning of 
the word * philosophy.' " 

" Does it not mean the studies of rery wise and 
leamed men?" 

'^ In some sense it does ; but the best meaning 
that I ean give you is, the love of wisdom." 

" I love to gather knowledge," said Edwin. 

" But to apply that knowledge to good and usefdl 
purposes is wisdom ; the desire and pursuit of 
wisdom for the love of it is philosophy." 

" Thank you, papa; but really I eannot see what 
there is in a fire for ns to have mueh conversation 
about.** 

" That shows, Edwin, how little you are acquainted 
with the Bubject ; and it is really lamentable how 
little these things are really understood. You saw 
that gentleman talking to me this morning ? *' 

" Yes, papa.'* . . - 

" He was telling me that he }iad been to the 
expen8e of a pump, but not a drop of water eould 
they get up ; and yet, when the piimp was first put 
down, no pump eould work better. There was 
plenty of water in the well, but not a drop eould be 
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obtained. He had some eleyer men to examine it, 
and they all deelared that not a better pump eould 
be made ; and they all ended in saying, that ' there 
was sometHng wrong somewhere.' One.man s««d 
he was sure there was no water in the well, and 
would examine it, when it was discovered that the 
top of the well had been made air-tight ; thus there 
was no pressure upon the water to force it up. I 
mention this aneedote to show you how little the 
most 'eommon things' are understood even by 
some praetieal men. Now, Emily, we will go on 
with our subject, if you will tell us how to light the 
fire." 

'' yes ! papa ; I know all about it ; and I ean 
tell you all from the beginning to the end. In the 
first plaee, you put straw, shayings, or paper, or 
any light substanee, at the bottom of the grate. I 
like straw best, partieularly wheat straw, as it has 
more substanee in it than the others. When the 
straw is plaeed properly, — that is, in a horizontal 
direetion, — we then put in some stieks, ehips, or 
anything that will easily take fire — I like deal ehips 
the best, as they easily take fire ; then lay on some 
moderate-sized pieees of eoal, apply a light, and the 
proeess is eomplete." 

" Now, Emily, why did you not put the eoals at 
the bottom, the wood in the middle, and the straw 
onthetop?" 

" Really, papa, you make melaugh, I should like 
to see you trying to light a fire in that awkward 
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maimer. WI17, you would not get it to born all 
day." 

"Why not?" 

^^ I do not know why, except that the eoals wonld 
not ignite, and I think that is a good reason." 

" You have gone to work, Emily, in a yery skil- 
ful manner ; but I perceive that you do not under- 
stand the reason for it, and it is my province to 
enlighten you, In the first plaee, you lay the straw 
at the bottom of the grate, then the ehips and the 
eoals. You put straw at the bottom beeause it is 
easily made to fiame, the fiame from that ignites 
the ehips, and the ehips the eoal. In the first plaee 
you wanted a substauee that would readily give out 
a gas, and that being ignited, would give out a 
flame.'* 

** Yes, it is hydrogen." 

" O yes I Iremember nowthere is a great deal of 
it in wood. It is one of the prineipal things that 
support the tree.'* 

" You are right, and now you wiU see that when 
heat is applied to wopd it is the first to leave it. 

" Now, the moment you apply the eandle or mateh 
to the straw the heat eauses the hydrogen to eseape, 
and as it eseapes it eatehes fire, and onee the 
hydrogen begins to eseape from the straw or wood 
there is great difficulty in stopping it. That is the 
reason why large fires are so difficult to extinguish. 
When we have set free the hydrogen, we should not 
have mueh oi a fire if it was not for the oxygen of 
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the airy wldeli rnshes to the flame, and thas tlie two 
together eause the bright white flame. The moment 
the hydrogen is on fire, the ox ygen of the air rashes 
to snpport it. Thus you see that the heat whieh is 
produeed eauses more hydrogen to eseape, and thus 
the heat is inereased. This is the reason why fires 
spread so rapidly. A mateh would not haye set 
your ohips on fire, beeause there was notheat enough 
produeed to set free the hydrogen, but when the 
Aames beeame stronger the hydrogen from the wood 
began to eseape. It is the same with the eoals ; 
they want a still larger amount of heat to set the 
hydrogen free, more than straw ean produee. Thus 
you see we are obliged to use ohips, or pieees of 
wood, whieh give out more hydrogen, and eonse- 
consequently produoe a stronger flame." 

" But," said Edwin, " I do not see why the heat 
should inerease.^' 

^' It is one ofthose laws of nature that is not 
elearly understood. AU we know is that oxygen, 
hydrogen, and earbon, deeomposing together, or 
separating from eaeh other, produee ealorie, or that 
substanee whieh we usually term heat." 

" Then are we to understand," said Edwin, " that- 
a fire, as we term it, is nothing more than eertain 
snbstanees, sueh as wood, eoals, &c., undergoing a 
ehemieal ehange, and that during the proeess the 
substanee whieh whieh we eall heat is giren 
out?" 

** Exactly so ; it is nothing more." 
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" Now I tindeTstaiid whj we nse light snbstanees 
at fir8t when we light a Are," said Emily. 

**Why?" 

'' Beeanse it is easily made to prodnee heat. I 
hare a qnestion to ask,** said Emily. 

"Whatisit?" 

** What substanees do you eonsider the best for 
lighting a fire?" 

" A very useM qnestion, and at first does not 
seem very profound. I should say deal shavingS) as 
they eontain a great amount of hydrogen," 

" Yes, papa, they blaze away fast enough ; but 
then they leave no substanee behind them.'' 

" ! I see ; then shavings will not do very well, 
as they eontain plenty of hydrogen, but not earbon 
enough. What do you say to paper ?" 

" That has but little substanee in it. Not mueh 
earbon in paper. Then it is not fit for lighting a 
fire with, therefore w,e must look for something else. 
What do you say to straw ?" 

** Wheat straw," said Emily, " does very well ; as 
for the others they have but little earbon in them, as 
you eall it, and in a town wheat straw is not always 
to be obtained. Then, what must we have ? Let me 
think for a. moment. Have you evef seen what is 
ealled patent firewood ? it is pieees of wood dipped 
into oil, rosin, tar, or some sueh inSammatory sub- 
stanee. All you have to do is to put two or three 
pieees into the grate, apply the light, and they are 
quickly in a blaze." 
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« Why is that, papa ?" 

" The eomposition into whieh the wood is dipped 
has in it a great amount of hydrogen ; and as soon as 
it begins to eseape, it being so near the wood, whieh 
is deal, they are both in a fiame at the same 
moment. 
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OHAPTER VIII. 

FIRB (eONTINUBD.) 

Why einders will not produee flame — ^Wliy does a Are go 
ont ? — AsheB — ^Wliat ia the di£ferenoe between good and 
bad eoals ? — The amotint of hydrogen in a ton of eoals — 
Why the fire bnr&s Aereer when broken np — ^Why will 
not stone, ehalk, &c., do for fael? — The nse of bellows 
— Why Bmall eiplosions Bometimes oeenr when the Are 
is bnming. 

*' In our last eonyersation npon fire we were 
eonyersing npon the best substanees for lighting a 
fire. Whieh is the best to put on first, — eoals or 
einders ? " 

" I suppose you want to know whieh will part 
with its hydrogen quickest ? " said Mr. May. 

" Yes, papa." 

" I should prefer those eoals whieh have been 
partly buraed to either eoals or einders." 

"■Wby?'» 

" Ginders eontain no hydrogen, and consequently 
ihej will not give out a flame, and therefore are not 
so liable to ignite as eoal ; on the other hand, eoal 
is in small solid pieees, whieh do not give out their 
bydrogen so readily as those pieees whieh are half- 
bumed. The reason that half-buraed eoals give out 
their hydrogen quickly is, they are more rough and 
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hollow, and eonse^nently the heat is admitted more 
readily." 

'** How is it," said Edwin, " that when all the 
hydrogen is eonsumed the fire still keeps alight ? " 

" During the time the hydrogen is eonsuming, it 
is igniting the earhon, whieh is the slowest, and 
therefore the last to take fire ; now, when all the 
hydrogen is gone, it leayes the earhon red hot, as it 
is termed. There is still eomhustion going on 
hetween the earhon and the oxygen. The earhon, 
or einders, will not flame, hut will hum with a 
steady heat." 

" Why will not einders flame ?" 

" Beeause they have no hydrogen in them." 

" I have often notieed the kitehen fire,'* said 
Edwin, " and you may divide it into three parts : 
first, the eoals that have heen put on last, and have 
not given out all their hydrogen ; seeond, the earhon 
or einders, whieh are red hot ; and third, the ashes 
at the hottom." 

" What happens, papa," said Emily, " when all 
the hydrogen and earhon is eonsumed ?^' 

'^ The ehemieal aetion eeases, heat eeases to he 
evolved, and we say the fire is gone out.*' 

" What are the refuse or ashes, as they are 
termed ? " 

^' There is no iuel hut eontains some suhstanee 
whieh is termed inorganie matter ; from wood there 
is left a grey suhstanee ealled ashes ; if these ashes 
were pure, and we were to analyze them, not a 
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partiele of hydrogen or earbon eould be foimd in 
them, and eonse^nently thej haye nothing in them 
to support eombnstion. In the best of eoal 
inorganie sab8tance& may be found ; there are none 
that may be termed pnre but are mixed up more or 
less with substanees whioh will not eonsume." 

'* Then, papa, I suppose those are ealled the 
best eoals whieh eontain the most hydrogen and 
earbon?" 

'^ Yes, all substanees wliieh we get besides these 
are useless as fdel.'* 

*' On that, I suppose, depends the ^ualiiy of the 
eoal?" 

'^ It does ; eoals ean be bought at sixteen shillings 
per ton, and -I ean giye as high as twenty-four ; but 
the value is easily pereeiyed when we bum them. 
Those for whieh I gaye twenty-fi7e shillings per ton 
eontain but a small quantity of ashes, and eonse- 
quently eontain more hydrogen and earbon ; but in 
the eheap eoals I shall find a great amount of waste, 
80 that you see the high-prieed eoals are no dearer 
in proportion than the low-prieed ones." 

** Do you know what amount of hydrogen there 
is in good eoals ? " said Edwin. 

** I eannot tell you aeeurately, but at the eoke 
OTens it is generally eonsidered that forty-two ewt. 
of ooals will produee twenty-five ewt. of eoke, or 
einders ; thus you see there is twenty-five ewt. of 
earbon and inorganie matter, and seventeen of 
hydrogen.'* 
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'^ I haye ofien notieed that when a fire bums 
slowly, as soon aatit is broken up it then begins to 
Aarne." 

*' When there is not a su£Gcient eurrent of air 
through it the hydrogen eseapes, beeause there is 
not ox7gen enough passing through the fire to 
eause it to ignite, and therefore the hydrogen eseapes 
with the smoke. If you wish the fire to flame, you 
raise it or break it in pieoes ; you haye then giyen 
a passage to the o^ygen, whieh then supports the 
hydrogen, and eauses the flame.'' 

^' I think, papa, I know now why some substanoes, 
sueh as eoal, wood, turfy &c., will bum, while stone, 
ehalk, &c,, will not.'' 

" I haye often wondered," said Edwin, ** why 
stone and earth will not bum." 

" Simply beeause they eontain neither hydrogen 
nor earbon.'' 

<* And I think," said Emily, ** that I ean tellyou 
what substanees are best adapted for fuel.*' 

" I shall be glad to hear your opinion, Emily.** 

'* All substanees whieh eontain hydrogen and 
earbon will bum." 

" You are right; all substanees whioh eontain 
ihese two elements will burn, but at the same time 
some of them would be yery expensiye fuel; for 
instanee, no person would think of buming wood 
(although it would serye well for fuel), on aeeount 
of its eost. I suppose you mean that all substanees 
whieh eontain earbon and hydrogen will burn." 



64 EDWIK MAY*S 

^' Yes, papa, that is what I intended to say/' 

'' Edwin and you haye eome to right eonelusions 
eoneeming fael, bnt I will just repeat what 70U haye 
said. AU substanees whieh eontain hydrogen and 
earbon will bum, while those whieh are destitnte 
of them will not." 

'* I haye ofken, when the fire has been nearly ont, 
taken the bellows and blown it ; what was the eanse 
of it 80 soon beginning to bum fiercely ?" 

**When 70U nsed the bellows, you eaused a 
greater quantity of oxygen to go into it than would 
haye gone if you had not blown it, and consequently 
it eaused the fire to bum more briskly. 

" Should you blow a fire at the top or bottom," 
said Emily. 

" It is best to blow as near the bottom as you 
ean, so that all the oxygen gets eonsumed before it 
eseapes from the fire." 

" Sometimes, when I haye been sitting by the 
fire, I haye heard a loud eraeking in it, and seen 
pieees of eoal fly out of the grate. What is the 
eause of that?" 

" It may be eaused in two ways ; first, by a stone 
getting into the fire ; and seeondly, by some of the 
hydrogen getting confined and mixed with the eom- 
mon air ; as soon as the fire gets at it, it explodes. 
I will show you what I mean. I fill this bladder 
half-full of air; now force into it some oommon 
gas, sueh as we bum in the streets. I make a hole 
with my knife, so that the gas ean eseape, apply a 
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flame, and you see it is gone off as loud as a 
pistol." 

" That is a reason," said Edwin, ^' that the eoal 
sliould snap and eraek, but I do not see why the 
stone should, as there is no hydrogen in that." 

'< Tme ; but that eraeked from another eause, 
whieh was this : as soon as the heat began to enter 
the stone, it eaused the stone to expand, and as the 
stone would not readily yield, it burst into two or 
three pieees, and the noise that you heard was the 
bursting of the stone. 
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OHAPTER IX. 

8M0KE. 

Wliat iB smolee P — ^WHy the wiek of a eandle eeaseB to smolee 
when it Ib- lighted — ^The reaBon that smoke aseendB the 
ohimney — Why ohimneyB smoke — ^How to enre a Bmoky 
ehimney — Why two fireB will not bnm well in the eame 
room — How to ertinguiBh a fire in the ehinmey — The 
oanseB of ehimneys taikdng fire — Why do they reqnire taU 
ehimneyB in hirge £EU!torie8 ? 

'^ We haye disenssed the 6ubject of fire in oar last 
eonyersation ; now, papa, will you tell us a little 
abont smoke ?" 

'' I shall feel happy to answer any ^uestions, or 
to explain any subject relating to it, that may haye 
eome under your obseryation." 

"Well papa, I haye been trying for some time 
to aseertain what smoke is. WiU you be kind 
enough to tell me." 

" With pleasure. Smoke is unbumt earbon, 
that is being eontinually giyen out when a fire is 
buming. If you notiee a fire that is smoking yeiy 
mueh, if you ean get the fire to flame, the greater 
part of the smoke or earbon is bumed. If you blow 
out a well-lighted eandle, it eauses a smoke, but 
the moment the eandle is lighted, the smoke eeases, 
beeause it is being eonsumed." 
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'' Then, all the smoke tiiat we see issuing from 
ehimneys is so mueh waste." 

'' It is ; manj persons haye tried to intrpdaee 
smoke^eonsnming apparatns into fiimaces, but as 
yet none of them answer the pnrpose very well." 

" Do you know why smoke goes np the ehimney, 
papa? The reason why I ask the qnestion is, 
wlien we were eoming aeross the fields, we saw 
some men bnming grass, and that smoke did not 
go npwards, bnt along the gronnd." 

'' The reason that smoke goes np the ehimney is, 
smoke is lighter than the air, the heat of the fb*e 
eanses the air near it and aboye it to expand, whieh 
makes it lighter than the air in the room, eonse- 
qnently it mshes np the ehimney, taking the earbon 
or smoke, as we term it, np witb it; when the 
oxygen is buraed out of the air, the nitrogen, whieh 
is left, is lighter than the eommon air ; and also, 
being heated, the weight of the eold air eauses it to 
msh up the ehimney, blowing the smoke up at the 
same time. Thus you see the eolumn of air in the 
ebimney is lighter than tbe air outside ; therefore, 
the rarified air is eontinually being forced upwards.'' 

** Sometimes the smoke refases to go up the 
ehimney, how is that aeeounted for?" 

" The reasons for that are yarious. You remem- 
ber our parlour ehimney smoking ?" 

** Yes, papa, and that it always eeased when we 
opened tbe window whieh was opposite, but I neier 
knew tbe reason." 

F 2 
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'' The reason was this, wlien all tlie doors and 
windows were shnt, the fire eonld not get snfficient 
air to snpport it ironi the room ; therefore it mshed 
down the ehimney, and the smoke was forced into 
the room." 

** I have known onr kitehen ehimney smoke when 
'all the doors haye been open.'* 

** Yes ; and do you know the reason ?" 

** No, papa." 

** You know that there are seyeral flues leading 
into the ehimney ; sometimes, whenthe doors of the 
flaes are left open, streams of eold air rush into the 
ehimney, and thus the stream of raTiAed air is eooled 
before it reaehes the top, this was the eause of our 
ehimney smoking, and I haye no doubt hundreds of 
others. There is another reason why ehimneys smoke, 
and that is when they are yerj broad at the bottom, 
and narrow at the top. When this is the ease, the 
flre draws into the mouth of the ehimney a large 
yolume of eold air, whieh eondenses the rariAed air 
before it reaehes the top of the ehimney. There is 
another souree of smokey ehimneys, and that is when 
the fire is a eonsiderable distanee from the throat of 
the ehimney, this fire neyer bums, and to use a 
eommon expression, the ehimney 'neyer draws 
well.' The reason is, instead of the air being drawn 
through the fire, it draws the air aboye the fire, and 
thus a large quantity of eold air is eontinually in the 
ehimney. Old ehimneys that haye loose brieks in 
them, through whieh the air ean find its way, will 
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also eause a eliimney to smoke, bj enrrents of eold 
air getting into the ehimney, and thus rendering the 
air too heayy to aseend." 

" Whieh way do you eonsider is the best to eure 
a smoky ehimney ?" 

'' It all depends upon what is the matter with it. 
Before we ean eure, we must know the eause of the 
disease." 

" Suppose it was like our parlour ehimney, 
whieh would not draw, unless the window was 
open ?" 

The best eure for that was ^ tube eommunieating 
with the air, beneath the grate. It seryes a three- 
fold purpose ; first, it would preyent the room from 
smoking ; seeondly,, it would preyent a draught ; 
thirdly, it would not eonsume the air in the 
room, thus the room oould be warmed with less 
fire." 

** Snpposing, papa, that the fire-place was too 
far from the neek of the ehimney, how would you 
manage that?*' 

" Shorten the neek of the ehimney to the fire, by 
means of a pieee of sheet iron." 

" What effect would that haye upon the smoke ? " 

" First, it would preyent the warm air from 
getting eold before it got into the ehimney; 
seeondly, it would eause more air to rush through 
the fire, eausing it to bum brisker, and produeing a 
sharper draught in the ehimney." 

" I haye often x)bserYed in winter, when there is a 
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fire at both ends of tlie sehool-room, one of tbeni 
neyer boms so well as the other.*' 

'' I suppose they are two open grates ? " 

" Yes, papa.** 

'' The reason of that is, one extingnishes the 
oiher. The one that boms the best draws the air 
from the other, so that it eannot get a sufficient 
supply.** 

'^ I haye also notieed when one fire is buming 
yery fiercely, the other ehimney smokes. As soon 
as this happens, the teaeher opens a window near, 
and then it eeases smoking direetly. How do you 
aeeount for that 7 ** 

** Simply beeause a supply of air is drawn 
through the open window, instead of down the other 
ehimney.** 

^' If a ehimney was to get on fire, papa, what is 
the best method of extinguishing it ? ** 

'^As soon as possible elose all the doors, lind 
thmst into the throat of the ehimney a bundle of 
wet straw, a wet blanket, or anything that would 
not readily take fire.** 

" Why would you do that, papa?*' 

'^ Sp that the fire should get no air from beneath ; 
therefore, instead of the air rushing up 'the ehimney, 
it would draw the air down, and thus preyent the 
buming soot from Aying out at the top. Thus you 
see that all danger is stopped outside. To extin- 
guish the fire, if it is possible, get a ladder, and lay 
some wet saeks, blankets, or anything that wduld 
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hinder the air from getting to the fire. Let them 
remam for fiye or six hours, and, by that time, the 
soot will be extinguished." 

" What is the eanse of ehimneys taking fire?*' 
said Edwin. 

"When the ehimney is full of soot, and a hot 
blazing fire is sending np sparks and flame, the 
soot is liable to take fire. Honses ofken get on fire 
throngh fire in the ehimneys, and mneh mischief is 
often the result." 

"I have read," said Edwin, "that there are 
ehimneys in the manufacturing distriets from fifty 
to sixty yards in height. Why are they sueh a 
height?" 

'' Yes, there are ehimneys quite as high as that, 
and six feet square at the base." 

" Why do they want them so large ?" 

'' Beeause they want to get as great a draught 
through the fire as they possibly ean ; for the 
greater the draught, the more heat is eyolyed from 
the fire. The draught of sueh ehimneys is very 
great, as you may pereeiye by the rapidity with 
whieh the smoke rushes from the top. Another 
reason for their being so high is, the law oompels 
their owners to build them aboye a eertain height, 
to earry into the atmosphere the dense eolumns of 
smoke whieh issue from them, whieh would other- 
wise eontaminate the air." 

'^What beeomes of all the soot that goes into 
theair?" 
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"If the eliiiimeys were not of a eonsiderable 
hrighty the soot whieh issnes from them would fa]l 
near the ehimney; bnt, on aeeonnt o^their being 
80 high, the soot is driyen to a greater distanee; 
sometimes it may be pereeired for t^n miles/* 
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GHAPTER X. 

THB WONDERFUL OIANT. 

" I 8HALL eommenee our eonyersation this eyening 
with a story." 

" A story, papa I " said Emily. ** I thought stories 
had nothing to do with philosophy ? " 

" Perhaps they have not, in a general way ; but 
story that^ I shall relate is eonneeted with 
philosophy ; and so, onee upon a time " 

" Why, papa, that is how all the fairy tales 
begin; surely fairly tales and philosophy haye no 
eonneetion!'* 

" Now, Emily, listen. Onee upon a time there 
was a mighty giant upon the earth ; he was so large 
that he eould eoyer nearly the whole earth, and so 
strong that no power eould be found to bind him. 
It is said of him that, on one oeoasion, he by some 
means got confined in the earth, whieh eaused him 
to struggle 80 yiolently, that he aetually kieked a 
large pieee out of the earth, and sent it as high as 
the moon. 

'' Really, papa, this is A most extraordinary 
story." 

" It is, Edwin ; but let me go on, if you please. 
If all is true whieh is said about him, kieking a. 
pieee of the earth up to the moon is merely ehild^s 
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play. Now, if joa let bim alone lie is as harmless 
as a babj, bat if yoa try to confine bim it is tben lie 
sbows bis wondroas powers. If joa confine bim 
too maeb be is sare to barst awaj. I do not belieye 
tbere is a power npon eartb tbat ean confine bim, 
and jet so ebildlike is be tbat be will work at any 
one's bidding. He will not work anless be is fairlj 
paid; and if be does not reeeiye bis own priee 
awaj be goes, wbetber be bas finisbed bis work or 
not. 

^' Manj baye been tbe attempts to confine bim 
for tbe purpose of making bim work, wbieb bas at 
lengtb been aeeomplisbed ; and tbis no doubt woald 
baye been done long ago, onlj tbe persons wbo 
andertook tbe task did not know bow to make bis 
bamess, nor properlj onderstand tbe best waj to 
giye him his food." 

^' Does he drink as well as eat ?*' said Edwin. 

'^ YeSy be wants a great amount of water ; but he 
must haye it sealding hot : eold water would poison 
him. Thej found out at ktst that three things were 
necessarj to make him work. First, he must haye 
as mueh food as he ehooses, and he requires nothing 
more." 

" That is eheap enougb," said Emilj, "if be 
does not eat too mueb ; but perhaps be eats a 
bulloek at onee ? " 

" Secondlj, he must haye proper hamess, for on 
tbis depends in a great measure the amount of work 
he will do ; for if the hamess does not exactlj suit 
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him he -will tear it to pieees in a yeiy short time, 
throwing the pieees in all direetionS) and doing a 
great amonnt of mischief. Thirdly, he mnst haye 
some one to gnide him, as he has no eyes, arms, 
legs, or head." 

" Now, really, papa, what a enrions story it is ; 
why, we know it is not tme. It heats all the giants 
that I haye eyer heard or read of." 

*' Stop, Edwin, and listen, and perhaps yon will 
alter yonr mind. Some persons say that the giant 
has a large cay€ in the middle of the earth, — others 
say that he eame originally from the sun, whieh last 
I think is the tnith. We might ask him, but as 
he has no head he is both deaf and dumb." 

^' If it is true, papa, does he eyer do anj mischief ?*' 

'' Sometimes he does ; and, on one oeeasion, he 
got confined in the earth, whieh irritated him sO 
mneh, that he made sueh a dnst, that & whole eity, 
with all its inhabitants, were buried in it. Yet« 
for all these little matters, the giant is not a bad 
one, for, if it were not for him, we should not liye a 
single hour ; if it were not for him, we should haye 
no fruits, Aowers, or any yegetable life. But for him, 
'there would be no winds, rain, or dew ; no douds, 
snow, or hail ; no oeean of water, no running 
streams ; there would be no animals, or any liying 
ereatnres whateyer ; the earth would be a perfect 
blank — a useless mass of matter." 

<< I neyer heard before that a giant eansed all 
these things ; and I am sure I neyer saw him.'' 
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'' No Edwin, and yon neyer will, as he is inyisible 
to mortal eyes; bat listea, and you shall hear a 
little more about him. 

'' There is a raee of people liying npon an ishind, 
about three thonsand miles from the eastem shores 
of Ameriea, who haye, by means of proper hamess, 
and a great deal of coaxing, got him to do all sorts 
of work. They will tell 7011 he is one of the besi 
«eryants in exi8tence. If he is well fed, and 
properly attended, and has well-fitiing hamess, he 
wiU work night and d*y Ibr years, ae he never tires 
— he does not know what it means. No fire ean 
bum him, no weight emsh him, nor no labonr weary 
him. He will do almost any kind of work. Some- 
times you may see him bbiling a potato, pumping 
a mine, wielding a mighty hammer ; and sometimes 
he may be seen running aeross the eountry, with 
three or four hundred people, faster than any raee- 
horse. 

" If you go to the oeean, you may see him 
driying yessels against wind and tide, from ten to 
fifteen miles an hour. In fact, not a ship or boat 
eould moye without his help.'* 

*' I know," said Emily, " what it is I" 

" Well, what is his name ?" 

" The wind ?" 

^' No ; his name is not wind ; but if it were not 
for him there would be no wind, and I said he would 
go against wind and tide.** 

*^ If you please, papa, it is steam,'* said Emily. 
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'' No,. his name is not steam ; bnt if it were not 
for hun, there wonld be no steam." 

^^ Is it water, papa? " said Edwin. 

** No, Edwin, his name is not wster ; but if it 
were not for him there would be no water." 

^' Is it anything that belongs to the animal king- 
dom?" 

**No; but if it w«e not for the giant there 
would be no animal kingdom." 

'^ Does it belong to the yegetable kingdom ?" 

'^No; but it is he that helps to support the 
yegetable kingdom." 

'^ Then, it must belong to the mineral kingdom ?" 
said Edwiu. 

'^ No ; but if it was not fbr the giant the mineral 
kingdom would be useless.'* 

'^ I eannot imagine what it ean be, papa ; is it 
very eommon ?" 

" Yes ; it is one of the eommonest things we have, 
and without it we eould not have the eommonest 
neeessaries of life." 

^^ I am sure we shall never guess it, papa ; do tell 
UB, if you please. Is it not strange that we should 
be Burrounded by blessings to sueh an extent ihat we 
are not eonseious of their very existence ?" 

" Do tell us, papa, what it is I" said Edwin. 

" Well, ehildren, it is heat 1" 

^' Heat, papal" said both Edwin and Emily, in 
astonishment. '^ Can heat do all this ?" 

''•Yes, and a great deal more than you and I ean 
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think of. It is heat that first npheayed the monn- 
tains, and eaosed the oeean to beeome diy land ; and 
it is heat that eaased all the great ehanges upon the 
earth's snrTaee, It is heat that eanses life to the 
animal world. It is heat that eanses the yegetables 
to spring np and Aonrish ; depriye them of it, and 
they wither. It is heat that makes the minerals of 
yalne ; if it were not for heat they would be of no 
nse, except as stones. It is heat that keeps the 
waters of the globe in a flnid state ; if it were depriyed 
of its heat, it would be tnmed into iee, and the oeean, 
instead of being what it is, would be a solid mass, 
as hard as a roek. 

^' I must now elose my story about the giant ; bnt 
before I do so, let us look at the subject a little, and 
we eannot fail to see one of the great wonders of the 
Greator. Heat at first seems a small thing ; but yet so 
yast is it, that, if the earth was depriyed of it for one 
single seeond, eyery animal and plant wonld eease 
to exist. Well might the inspired Psalmist exclaim, 
* How wonderful are thy ways, O Lord of Hosts !' 
When we kneel to our Greator, and thank him for 
the many blessings whieh we enjoy, how little do 
we know the extent of these blessings.*' 
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OHAPTER XI. 

HEAT. 

WliAt is meant byheat P — The different methodB of prodnemg 
heat — Eleetrieity — Perenssion — Onrions method formerly 
resorted to by smiths to obtain a fire — Latent heat — ^What 
is latent heat ? — Heat prodneed by Metion — Why oil 
prerents iron ailes £rom gettdng hot — Bnbbing wood 
together to prodnee fire — Heat prodneed by ehemieal 
means — The properties of heat — Heat has the power of 
transfOTring itself — It oeenpies spaee— It hfts weight and 
eolonr. 

" Labt eyening onr eoiiTersation was upon the 
wonders of heat. We will resume the subject, and 
I have no doubt that we shall find it one well worthy 
of our examination." 

" What is meant by the. term heat?" said 
Emily. 

'' £y heat is meant that sensation whieh we feel 
when ealorie (that is its philosophioal name) is 
passing from some object to us. I hold my hand 
on a plate of warm iron ; I feel a sensation, whieh 
is eaused by the heat passing from the plate into my 
hand. That whieh eauses the sensation is ealled 
heat." 

'' How many methods are there of produeing heat, 
or ealorie ?" said Edwin. 

'<Four, besides the great normal souree, the 
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Bun — namely, el.eetrieity, perenssion, friction, and 
ehemieal methods/' 

** How is heat produeed by eleetrieity ? " 
** There is no doubt but it is eaused by tbe rapid 
irietion q{ the two eurrents wben tbey meet eaeb 
otber, or it may be eaused by tbeir uniting in a 
ebemieal manner. Ligbtning is produeed by 
eleetrieity." 

^' Wbat is meant by pereussion, papa ?" 
'' Pereussion means bammering. You baye seen 
a gim eap ; fire is produeed £rom it by pereussion." 

'' Is tbat tbe reason wby tbey are ealled per- 
eussion eaps ? " 
" Yes." 

<< Tbat reminds me of wbat took plaee a few 
days ago," said Edwin, ^' wbieb surprised me not a 
Httle." 

" Perbaps you will tell us wbat it was ? " 
'^ I went into tbe smitb's sbop a few days ago, 
and bis fire was out." 

'' I suppose tbere was notbing yery remarkable in 
tbat ? " 

'^ No ; but tbere was in tbe metbod in wbieb be 
Kgbted it." 

" How did be proeeed?" 

^' He made a bole in tbe asbes, and put in it a 
few ebips, and tben proeeeded to ligbt it witb a 
mateb, but tbe matebes would not ligbt ; be tben 
very deliberately»took a pieee of iron, and began to 
bammer it smartly, and in about a quarter of a 
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minute the iron was red liot ; he then took one of 
the matelies, lighted it, ' and set the ehips on fire. 
Now, papa, the ^uestion is, Where did the heat 
eome from ? " 

" The question rests upon another part of our 
8ubject, — latent heat. You must remember that all 
substanees eontain natural heat, and that heat is 
ealled latent heat." 

** Can you tell us the eause of latent heat ?" 
^' There has been, and is now, a great many 
opinions upon the subjecty but I think the simplest 
is tltts. Let 'us suppose that there was no heat: 
of eourse ererything would be of the same tem- 
perature, or the same degree of eold. Then, if heat 
was at onee ereated, everything would absorb it, — 
some things more than others. If I take a pieee of 
iron in one hand, and a pieee of wood in the other^ 
we at onee feel the iron the eoldest ; therefore iron 
takes in less heat than wood. There is a great deal 
of difference, even, in the temperature of wood. Ash 
is mueh eolder in the hands than either sallow or 
maple. Eyerything eontains heat, — eyen iee and 
snow. We must now retum to your guestion, 
* Where did the heat eome from?' Iron, like all 
other substanees, eontains latent heat, or natural 
heat ; and when the smith was beating the iron he 
was driying the partieles eloser together, and as the 
iron took up less spaee the latent heat beoame more 
pereeptible. Tou ean try the experiment yourself, 
by taking a pieee of iron and striking it smartly a 

o 
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few times, when you ean feel tlie heat." 

*^ Yon said, papa, that heat was prodaeed by 
friction ; will you explain it ? " 

'' If you take a button and rub it sharply on a 
stone, you will soon pereeiye that it grows hot." 

" Yes, papa ; I haye tried it many times, and haye 
got it nearly hot enough to bum my hand." 

^' You haye often seen the inside of a mill, and 
notieed how carefully all the axles and eogs of the 
wheels are oiled. If this was neglect«d, in a short 
time, if they moyed rapidly, they would beeome, so 
hot that the woodwork would take fire. It used to 
be no uneommon eireumstanee, a few years ago, 
before iron axles were eommon, for the wooden ones 
to tako fLre." 

'^ Is that the reason why they are so partieular 
about the railway earriage wheels ? " * 

" Yes ; if you notiee the next time you ride in a 
railway earriage, you will see a man run round with 
grease at all the prineipal stations, to see that they 
have a proper supply. If this were negleeted, the 
rapidity with whieh they trayel would soon heat the 
ironwork, whieh would eommunieate to the wood, 
and fire would soon be the result." 

'^ How is it that oils and grease preyent iron axle8 
from heating?" 

'^ You are aware that the surfaces of all sub- 
stanees are more or less uneyen ; when there is no 
oil upon these surfaces, when they work one upon 
another, the uneyen parts beat against eaeh other. 
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and prodnee heat, something in tlie same manner as 
the smith, — namely, by beating. The oil or grease 
fills up all the uneyen plaees, and, instead of allowing 
them to strike against eaeh other, it lifts them oyer." 

" You haye read in the story of Kobinson Orusoe, 
that the sayage Friday produeed fire by rubbing two 
pieees of -dry wood together." 

" Yes, papa; and, affcer reading it, Emily and I 
tried it for half an hour." 

" And did you sueeeed ?" 

**No; but we made the wood slightly warm. 
How was it that we eould not get a fire as well as 
the sai^age ? " 

" Perhaps you did not rub them so briskly as the 
sayage did." 

" I rubbed them till the perspiration ran down 
my face, and my arms aehed." 

** Some philosophers think that obtaining fire by 
rubbing two pieees of wood together with the hands 
is an exaggeration ; on the other hand, trayellers 
assert that it is a fact. The only way in whieh it 
ean be aeeounted for is, — in those eountries where 
fire is produeed in that manner^ the wood must 
eontain more phosphorus than the wood in this 
eountry ; if sueh is the fact, there would be but 
little difficulty in the matter." 

" Lighting a lucifer mateh is another instanee of 
heat by friction." 

" You said that heat was produeed by ehemieal 



means." 
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'' Yes ; saeb as eombnstion, — as tlie bnrning of a 
eandle, lamp, or fire. J£ I were to ponr a few drops 
of snlpbnrie aeid into a glass of water it would 
raise the temperatnre. A pieee of pbosphoms pnt 
into a jar of oxygen would produee heat. If a 
^uantity of yegetables are piled into a heap, 
deeomposition takes plaee, whieh produees heat.'' 

** I think, papa," said Edwin, " we shall now 
remember the different methods by whieh artificial 
heat is produeed. Will you be kind enough to tell 
ns the properties of heat ? " 

" The chief properties of heat are four. Pirst, 
it has the power of trans^erring itself from one por- 
tion of matter to another ; seeond, it oeeupies a 
spaee ; third, it has weight ; and fourth, it has 
eolour." 

^' How is it shown, papa, that it has the power of 
tran8ferring itself ? " 

" This may be shown in three different ways : 
by eonduetion, radiation, and convection." 

" Will you be kind enough to explain those tenns, 
or I shall be no wiser than at £irst ? " 

" Gonduetion means being led. If I were to put 
one end of a bar of iron into the fire, the heat would 
gradually extend along the whole bar. If I plaee a 
ball of red hot iron upon a pieee of sheet iron, the 
ball will giye out its heat to the sheet iron, beeause 
it is eolder. Heat always tries to find its own level, 
or to make all objects with whieh it eomes in eontaet 
of the same temperature." 
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** How is that proeess earried on ?" 

** All metals are good eonduetors of heat, beeause 
tlie partieles of matter of whieh they are eomposed 
lie elosely together, and consequently the heat is 
easily eommunieated from one partiele to another. 
I will now explain the meaning of the term eon- 
vection. The meaning of the word, as used here, is 
conveying or earrying heat from one object to 
another ; a good illustration of it is the tea kettle. 
Suppose I take a small flask of water, and plaee a 
lamp at the bottom, — the water at the bottom is 
heated first, and earries the heat up into the Aask. 
Kadiation is a very important mode in whieh heat 
eommunieates itself. You have seen the stove and 
pipesinthesehool?" 

" Yes, papa." 

'* That is a very good illustration of radiation." 

" The hot water pipes in the ehuret are another," 
Baid Emily. 

" The fire in the grate is another," said Edwin. 

** Yes ; all those ways in whieh fire gives out 
heat in all direetions is radiation. £y radiation the 
air earries away the heat till it has redueed a heated 
body to its natural temperature. But it so happens 
that if I take a ball of hot iron, and suspend it in 
the exhausted receiver of an air pump, it eools as 
rapidly, or more so, than if it was in the air ; in this 
ease, it eannot be the air that earries it away. The 
only way in whieh it ean be aeeounted for is this : 
iron will receive a eertain quantity of heat naturally. 
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and the moment more is forced into it, it striyes to 
get rid of it. Sappose I take this bottle, — ^it is fall 
of air, bnt still, if I ehose, I eould force as maeh 
more into it, bat as soon as the force is remoyed the 
air will immediately retam to its nataral leyel. And 
m&Y it not be the same with the ball of hot iron ? 
As soon as it is snspended in the air pump, the force 
is taken off, and the heat therefore. passes oat." 

^' I think, papa, yoa said that heat oeeapies a 
spaee ; how is that shown ? " 

" The ways in whieh that may be proyed are 
yarioas. If I take a rod of iron, and put it throngh 
a hole whieh was just large enough to admit it when 
eold, and then heat it red hot, I should not be able 
to puU it baek until it had eooled. You haye seen 
blaeksmiths when they haye been making bolts and 
nails ; they hammer the red hot iron through a hole 
to giye it a head, and all they haye to do to get it 
out is to tum the mould oyer, and then it falls out : 
by eooling it has also eontraeted. If a rod of irou 
is measured, and heated in the middle and then 
measured again, it will haye inereased in length. 
Now, the question is, What makes these things 
beeome larger when they are hot ? Heat, you say ; 
then heat must oeeupy a spaee." 

** I always understood, papa, that heat rendered 
eyerything lighter. If so, how ean it haye 
weight?" 

** I am not going to assert, my son, that we ean 
take it and weigh it as we would a pieee of wood ; 
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but I think I ean make you understand me if you 
give me your attention. Eyerytbing by wbieb we 
are surrounded bas wbat is ealled a specific grayity, 
tbat is, a eertain weigbt of its pwn. Tbe specific 
grayity of tbe air we breatbe is fourteen, eomparing 
bydrogen as one. Now, altbougb bydrogen bas 
weigbt, yet it is fourteen times Hgbter tban tbe air 
we breatbe. Take a paper balloon and fill it witb 
air ; now apply a flame to it, and we sball soon see 
tbe balloon begin to expand, and finally mount into 
tbe air." 

** Now, wbat made it aseend ? It was not tbe 
eold air, but tbe beat tbat was in tbe air. Tbis 
sbows us^tbat beat, like bydrogen, is specifically 
ligbter tban air ; now, wby may we not eonelude 
tbat as bydrogen bas weigbt, so also bas beat, wbieb 
manifests tbe same property." 

" Tbis does not exactly amount to a proof, does 
it, papa?*' 

No, my son ; but witb a little skill, and a proper 
apparatus, tbe specific gravity migbt easily be tested. 
We now eome to tbe last of its properties, wbieb is 
eolour." 

" I did not know tbat beat bad a eolour, papa, as 
we eannot see it." 

" Its eolour is a sort of pink ; a ligbt pink would 
perbaps express it as well as anytbing." 

** How is it known tbat it bas tbis eolour? I 
am eertain tbat I see no eolour sueb as you 
mention." 
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'' You 866 this rod of iron whieli I hold in my 
hand?" 

" Yes." 

" What eolour is it ? " 

'^ It is polished iron, therefore a light grey/' 

^' Now I will force a ^nantity of heat into it, by 
putting it into the fire. Now it has been in the fire 
a few minutes, what eolour is it 7 " 

" It is a light pink." 

'^ What ehange has the iron undergone 7" 

'^ It has beeome eharged with heat." 

^^ Then it eannot be the iron that has eaused this 
ehange, but the heat." 
* '^ It does appear so, papa." ' 

^' Yes ; we haye introdneed a new substanee into 
the iron, and, as might reasonably be expected, wo 
haye got a new eolour. If I take this glass of elear 
water, and introduee a new substanee into it, as 
milk, ink, or &uj substanee whieh will mix, I shall 
lose the transpareney, and get a new eolour. That 
is just what happened to the iron ; therefore we 
may eonelude that heat is nearly white." 

** How is it that we do not perceive the eolour in 
other objects, as you say that all objects eontain 
heat7" 

** Your question is a very natural one. Suppose 
I take this large glass globe, whieh holds nearly a 
gallon. I nearly fill it with water, and now pour 
into it a few drops of eolouring matter. Can you 
perceive the eolour 7 " 
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" No, papa." 

" Now I have stirred the water, it looks as elear 
as it did at tirst ; yet yon know that the eolour is 
there. Tell me why you do not see that the eolour 
of the water is ehanged ? " 

" Beeause you did not put eolour enough in it." 

** It is the same with heat ; we eannot see it, 
beeause there is not enough of it ; we eannot diseern 
its eolour till a quantity is eoUeeted together. The 
eolour of heat eannot be perceived in any object till 
it arrives at 1000 degrees of heat." 
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OHAPTER XII. 

NATURAL HEAT. 

Why Bome things are eolder than othera — The yaliie of latent 
or natural heat — Good and bad eonduetors — ^Why some 
substaneea eondnet heat better than others — Why we haye 
brass handles to OTens and other things when there is 
mneh heat — ^Why we have woollen hearth-rngs — ^Wby we 
nse woollen earpets — How we know that wood is a better 
eondnetor of heat than a woollen earpet — Why we paper 
rooms — ^Why we nse enrtains to onr windows — Clay Aoors 
formerly nsed, and the resnlt — ^Briek, stone, and plaster 
Aoors — The best Aoors — Beds— "Rnshes — Flags — Straw 
mats— Mattress— Feather beds and wool mattresses. 

** In our last conversation, we mentioned the sub- 
ject of latent heat ; l intend to tell you a little 
more about it this evening." 

*^ What is meant by latent heat, papa ?" 

** Every substanee with.which we are acquainted 
eontains heat, — ^natural heat would have been a 
better term for it. I dare say you have often 
notieed the di^Terenee in the toueh of diETerent 
things?'' 

** Yes, papa," said Edwin, ** I have. When I 
am'digging in the garden, if I get hold of the iron 
on the handle of the spade, it feels eolder than the 
wood." 

" Then, we should say, iron is a better eondnetor 
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of heat than wood. It is latent heat that helps to! 
make eyerything on earth so beautifal and fair. Noti 
a Aower eould bloom, a shower fall, or a blade of 
grass eould show its fragile form, but for latent or 
natural heat. But for this, the oeean, riyers, and 
lakes would be masses of iee, hard and stubbom as 
iron, and, instead of their waters teeming with 
millions of happy ereatures, they would bo rough 
and lifeless roeks of iee ; the whole globe would be 
unfit for either animal or yegetable life ; the whole 
round of animated nature would never have existed ; 
and the world, whieh is now the abode of millions of 
happy ereatures, would have been the habitation of 
eternal frost and iee. How ean the most indifferent 
mitid look upon these glorious works, and not be 
struek with the wisdom of that Being who planned 
and put these wondrous laws into operation ? The 
theme, my ehildren, is an endless one ; and I wish 
to impress upon y'our mind the vast wisdom dis- 
played, and the beauty of these majestic works. 

** You told us, papa, that some substanees 
attraeted heat more readily than others. Can you 
tell us the reason of it ? " 

*' Those that attraet heat the most readily are 
hard substanees, sueh as metals, &c. ; these are 
ealled good eonduetors. Those substanees whieh 
are soft, or whose partieles are loose, are bad eon- 
duetors." 

" How is it that hard substanees eonduet heat 
more readily than soft ?" 
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'^I haye told you that all substanees are eom- 
posed of minnte partieles ; in hard substanees, these 
partieles lie elose together, so that the heat readily 
passes from one to the .other. In substanees whieh 
are soft the partieles are not so eloselypaokedtogether, 
therefore the heat has more di^eulty in passing 
along it." 

'^ You saidy papa, that metals are good eon- 
duetors of heat — is there auy, diflFerence between 
them?'' 

'^ Yes ; lead is rather a slow eonduetor of heat : 
its partieles are yery loose, as may be shown bj the 
little heat it requires to thrust them asunder, or to 
melt them. Brass is not so good a eonduetor as 
iron. 

«'Howisthatshown?»' 

" You ean prove it yourself, by stepping ^into the 
kitehen." 

** In what way, papa?" 

" I think I ean tell you, papa." 

" Well, Emily, how will you prove by a walk into 
the kitehen that iron is a better eonduetor of heat 
thanbrass?" 

" By the oven handle and the boiler tap. I have 
often notieed, when the oven has been so hot that 
you eould not toueh it with your hand, the brass 
handle might be taken and held in the hand without 
inconvenience. Another thing has just eome into 
my mind, and that is, most persons prefer a brass 
ladle for the dripping pan. I have often notiped 



PHILOSOPHY. 93 

that, wlien the dripping pan has been liot enough 
to bnrn the hand, the handle of the ladle might be 
handled withont in^'nry to the hand." 

^' I suppose that is the reason," said Edwin, 
^' that brass handles are usnally put whero there is 
a great amount of heat ?" 

'^ It is ; and it is a yery nsefiil eontriyanee. If 
yoa were to go into the kitehen, and plaee yonr 
hand on the oven, I havo no do?ibt but you would 
bnm it ; eonse^nently, if the handle was made of iron, 
every time you opened it yon would have to take a 
pieee of oloth to prevent your hanjl from being 
bumed." 

'^ £ remember, papa, when I was standing before 
the fire one day, my brooeh got so hot that I eould 
seareely toueh it, while my stuflf dress was seareely 
warm. I suppose the reason of that was, be- 
eaUse the brooeh was a better eonduetor of the 
heat than the stuff of whieh my dress was 
made ?" 

*'Exactly so." 

** That reminds me," said Edwin, " of onee 
buming my hand." 

** How did that happen, my son ?" 

'** One day last winter, the eook had just put a 
pieee of wood in the fire to make it burn up quickly ; 
when it was nearly all burnt away, she put it on the 
top of the fire with her hand. This feat ineited me 
to take hold of the poker nearly elose to the bars, 
and the result was I bumed my hand with the 
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poker. I neyer eould understand why I should 
bum my hand with the poker, and not with the 
wood." 

'' I ean explain that," said Emily. 

" Why was it so ?" 

** Beeause the poker, whieh was of iron, was a 
better eonduetor of heat than the wood." 

" You said, papa, when we were speaking of oven 
handles, if handles had been of iron, we should haye 
to take hold of them with a pieeae of eloth. Why 
should we haye taken eloth ?" 

" I do not know why we should take eloth, unless 
it was the easiest to proeure; leather would do 
equally as well. The reason of that is neither of 
them are good eonduetors of heat, and, consequently, 
the heat would not pass through the eloth to the 
hand." 

** Will you be kind enough to name some of the 
bad eonduetors ?" 

" Water, wooUen eloth, elay, paper, boards, &c." 

** Why do we always haye wooUen hearth-rugs ?" 

'' Beeause they are bad eonduetors of heat, and, 
therefore, they are not so liable to take fire, if a 
buming eoal should fall upon them." 

"You are right, so far; but there is another 
reason, and that is, when our feet are plaeed upon 
them, they do not absorb the heat from them so 
fast as if we stood upon brieks, or eyen boards. 
Thus you see that woollen hearth-rugs are both safe 
and comfortable to the feet." 
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'' I haye often notieed/' said Edwin, '' that almost 
eyery house, eyen among eottagers, shows some pre- 
tension to a oarpet. I neyer ean imderstand what 
real use a earpet is, except to make the room look 
neat and comf(irtable 7" 

" The earpet is to preyent the floor from absorbing 
the heat in the room, and at the same time it pre- 
yents the boards from attraeting the heat from our 
feet when we stand upon them." 

" How do you know, papa, that boards eonduet 
heat better than a wooUen earpet ?" 

" I haye no doubt, when you haye got out of bed, 
and put your feet upon the earpet and then on the 
boards, you pereeiyed that the boards felt eolder than 
the earpet ; and the reason is the boards absorb the 
heat more rapidly than the earpet. Eyen our 
aneestors were aware of this fact ; and to remedy it 
they strewed their Aoors with flags, rushes, and 
straw; and, when these were not attainable, they 
strewed them with leayes and small branehes of 
trees." 

** I suppose that those were not yery comfortable 
earpets ?'•' 

" Perhaps not ; but these seryed their purpose, 
perhaps, mueh better than our modern ones would 
haye done ; for when the straw, &c., was swept out 
a great deal of filth was also taken away with 
it." 

" Papa," said Emily, " ean you tell me why they 
.paper rooms, as almost all rooms are now papered. 
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I asked tlie paperbaoger wben be was bere, 
and be said it was tbe fasbioii. Is tbat tbe only 
reason?" 

** No ; if you tbink for a moment, you will per- 
eeiye tbat ii bas a far greater nse.*' 

^' I do not knowy'* said Emily, '' unless it is to 
make tbe room look pretty." 

'' Perbaps tbat is one reason, but it is not tbe 
prineipal one." 

'* It makes tbe bouse look more comfortable wben 
tbe rooms are papered," said Edwin." 

'' Yes ; and tbey are more comfortable, and I 
will tell you tbe reason. Paper is a slow eonduetor 
of beat, and consequently it preyents tbe walls from 
absorbing tbe beat out of tbe room.'' 

*' Now we eome to tbe window eurtains, wbieb are 
of damask." 

'* Tbese are also slow eonduetors of beat, and 
preyent tbe glass in tbe windows from attraoting tbe 
beat, as glass is a good eonduetor of beat." 

'^ You were saying, papa, tbat boarded Aoora 
absorbed tbe beat from our feet; wbiob kind of 
Aooring do you eonsider tbe best, as regards comfort 
andbealtb?" 

'* I am glad you baye asked tbat question, as it 
is one upon wbieb 1 wisb to say a few words. Not 
many years ago, eottagers' bouses were usually 
Aoored witb olay, mueb in tbe same style as farmers' 
piggeries of tbe present day ; and eyen tbat was an 
adyanee in ciyilization, as before tbat tbey bad 



PHILOSOPHY. 97 

notliing but the bare eartb. I neyer remember 
seeing more than two of these elay Aoors, and when 
the eottages were elean they had a yery pleasant 
appearanee." 

" How yery nncomfortable they must have been, 
and how difficalt to keep elean." 

** I have no doubt they were often very dirty*; 
but that was not the worst, as they were a very 
£ruitfhl souree of ague, rheumaties, fevers, and other 
diseases.^' 

" Why do elay Aoors eause disease ?" 

" Beeause the elay Aoors, being always eold, they 
were therefore always absorbing the heat from the 
feet of those who stood upon them. I remember a 
sehool with a elay floor, in whieh there were at least 
one hundred and fifty ehildren, and in the winter I 
have seen as many as a dozen huddled round the 
stove with the ague, and not less than two-thirds of 
the whole sehool afflicted with ehilblains. 

** The next step towards the improvement of the 
Aoors of eottages was to pave them with brieks or 
stones. In the eastem eounties of England, you 
will find every house brieked ; in Yorkshire they are 
paved with stone. In the midland eounties, many 
of the rooms are Aoored with plaster of Paris." 

** Whieh do you think are preferable ?" 

" Stone, as brieks are always more or less porous, 
and consequently absorb the moisture from the earth 
beneath. Thus you perceive that they are alway s eold , 
and, therefore, when any person stands upon them 
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for anj length of time, ihey absorb the heat from the 
feet, and the resnlt is ehilblains, if nothing worse." 

'^ Is that the reason why the Gommittee of 
Gonneil on Edueation will not sanetion payments to 
be made to sohools whieh hare briek Aoors ? *' 

<< Yes, and a yery wise regulation it is ; and I 
haye not the slightest donbt but it will preyent a 
great amount of mortality amoug ehildren, and also 
preyent the seeds of eonsumption being sown at 
sehool. Yon asked me whieh I eonsidered the best 
and healthiest Aoors.^ I should saj. wood, as it 
attraets the least heat from the feet.^' 

** Now we are diseussing the subject of heat," 
said Emily, '^ I hare often heard the subject of beds 
diseussed, as to whieh were the healthiest ?" 

^^ There are many opinions upon that subject. 
Our Saxon aneestors were eontent to lie on the 
■table, under it, or^ even on the floor ; but, to our 
ideas of comfort, this must have been veiy rough 
indeed." 

** What was the next step in the art of bed- 
making ? " said Edwin. 

" To eolleet a bundle of rushes, flags, leaves, or 
straw, to sleep upon. The next step was . to weave 
the straw into large eoarse mats, about eighteen 
inehes in width, from eight to ten feet in length ; 
part of this was roUed up to form a sort of pillow 
for the head tb rest upon. Some of the mats were 
made of flags. It was upon sueh beds as these 
that the nobles reposed. The next step was to 
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make a large straw mat, and lay it upon a irame 
raised from the floor. The frame8 were* of massiye 
oak, 8ome of wbieh remam to this day. This mat 
was ealledy to distmgnish it from the long narrow 
mat, a mattress. Thns arose the Arst mde bed. 
The eommon people did not ineline to so mneh 
lnxnrj as a mat or mattress, bnt were eontent with 
a bnndle of straw, whieh, in time, was pnt into a 
large bag." 

" Do yon snppose that lying on straw was as 
warm as lying on the fioor ? " 

^' Yes ; beeanse straw does not eondnet the heat 
from the body so rapidly as wood. Straw beds 
lasted many years. Eyen at the present day, straw 
beds are used in the midland oonnties by the poorer 
elass of peagantry." 

" Poor ereatnres ! how miserable they must be," 
said Emily, very pitifully." 

'* You need not pity them, Emily, as they have 
never known the luxuries of any other, and eon- 
Bequently desire nothing better. You must bear 
in mind that they sleep on beds sueh as many of the 
kings and queens of England have slept upon before 
them. Henry VIII. slet)t on a straw bed ; so you 
see that these people, after all, enjoy what monarehs 
a few eenturies ago thought luxurie8." 

" What objection have people now to sleep npon 
straw beds ? " 

** I should suppose," said Emily, '* beeause they 
are.hard and eold ?** 

H 2 
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"You are quite right, Emily; bnt what makes 
themeold?" 

^' I snppose the straw attraets the heat from the 
body." 

** Not exactl7 ; straw is a bad eonduetor of heat. 
The reason why straw beds are eold is, the straw 
allows the heat to eseape. It is not oompaet 
enough to retain the heat, as the body giyes it 
out?" 

" What is meant by eold ?" 

" It is simply the feeling whieh we experience 
when the heat is going out of our bodies too rapidly. 
I lay my hand upon the table, and feel a sensation 
of eold; the eause of it is simply the sensation 
whieh I feel when there is too great a loss of heat, 
whieh is passing from my hand to the table. You 
feel warm when the heat is passing into the hand, 
and the sensation of eold is when the heat is passing 
out of it." 

'* You think, papa, that straw beds, like elay 
and briek Aoors, ought to be among the things of 
other days, and something else substituted in their 
plaees ? " 

" Yes ; and in so doing we want something 
whieh is both soft and warm ; by warm, I mean 
something whieh will not allow the heat readily to 
eseape." 

** Feathers, then, I should think, will suit us," 
said Emily. 

" Eeathers are very soft and warm, but there is 
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an objection to them as beiiig too mneh 80. Wool, 
I think, althongli it is not so 8ofty is preferable to 
featber8." 

" Wbyso, papa?" 

^' Beeanse tbe beat, wbieb gradnallj eolleets 
aroiind a person sleeping on a feather bed, eannot 
pass away, on aeeomit of the bed dosing aronnd 
hini ; tbus, yoa see, more warmtb is generat^d 
than is bealtbfal." 

^' I tbink, papa, tbat I prefer a featber bed to a 
trool mattress, for my own nse," said Emily. 

** I haye no doubt you do, and you are not the 
only one ; but tbere is no doubt you are sacrificing 
your healtb to luxury." 

" Then you tbink, papa, tbat a wool mattress is 
preferable to a featber bed, in point of bealtb, but 
why shoulditbe?" 

** I think tbat mattresses are preferable wben we 
hare a sufficiency of bed elothes. I always feel far 
more refresbed by sleeping on a wool mattress, tban 
I used to do by sleeping on a featber bed ; but, you 
know that every one bas a rigbt to follow bis own 
inelination in tbese matters." 
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eHAPTER XIIL 

YSMTILATION. 

Bed elothes — Bed-enitauui and their effectg — Why fir8t Ttsed 
— Impiire air — Hnman breath will poison small animalB— 
The eanse of stapor and headaehes in the moming — 
Bemedies for dnUness, headaehes, nerToasness, smd lan- 
gmdneBS — How impnre air • ean be ayoided in sleeping 
apartments — How to yentilate a room — ^Why damp beds 
eaose ilhieBB. 

" Wk will now go on, if you please, where I left 
off last eyening, by saying a word or two about bed- 
elothes." 

"That is the subject," said Emily, " whieh I 
wanted to speak to you about, as I neyer eould 
understand wby we plaee tbe elotbes always in one 
way." 

*' I shall feel most happy," said Mr, May, " to 
explain any of your difficultie8, as far as I am 
able." 

" Well, papa, as I do not suppose that you 
•understand exactly how a bed is made, I must 
tell you. After it has been well shaken, so that 
there are no lumps, the first thing we do is to lay 
a blanket; do you know the reason why we do 
that ? " 
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*' Yoa know that s good blanket* is made of 
wooly snd tkaef(ve a tHow oondoetor of lieat. Tkus 
serres to prerent the hemt oi tke bodj fiom eaeaping 
into tke bed." 

'^ Aiter the blsnket is laid niee and smootk, we 
tken laj tke bokter, tken tke bottom skeet and 

pilloWB.'* 

"Yes; in tkat we praetise a great deal of 
domestie eoonomy." 

" Li wkat way, papa ?" 

^' Yon know tkat in a skort time we are obliged 
to kaye a ekange of skeets, as thej get soiled. 
Wkiek is easiest to wask, a sheet or a bkuiiket ? " 

' ' I woqld sooner wask fiYe skeets tkan one blanket,'* 
said Elmilj. 

" I kave no doubt jou would. Now, jou know 
wk j we use sheets ; simplj beeause tkej are more 
easilj wasked tkan blankets." 

'' The next step, papa, is to laj the top sheet, and 
then oomes a pair of blankets. Whj do we put the 
blankets on the top ? " 

" To preyent the heat from eseaping upwards.'* 

'< Sometimes,*' said Emilj, ^' mamma adds another 
blanket to eaeh bed in v^rj eold weather. That is 
to keep us warmer ; I suppose that means to retain 
more of the heat that eseapes from our bodies." 

" It is." 

* Iiiferior blonkets are generally made of wool and Chineae 
graas, a snbstanee resembling wool, bnt a good eondnotor of 
lioat, and conAequenilj the blankets are oold. 
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^'After we haye got the blankets laid, and all 
the things tneked in at the sides to prevent the 
heat from eseaping that way, we then lay on the 
eounterpane." 

'^ Yes, that is generally made of eotton, or some 
kind of material whieh is easily washed, as it is laid 
on to preyent the blankets from getting soiled." 

'^ I really am surprised/* said Edwin, '^ to think 
that there is so mueh to leam in sueh eommon things. 
These things would neyer haye oeeurred to me, I 



am sure.*' 



" You eannot tell, Edwin ; by obseryation and 
thinking a great deal ean be done whieh one often 
thinks surprising." 

** If you please, papa, what is the use of bed- 
eurtains ?*' 

" To keep the air away." 

" Do you think they are very healthy ?*' 

" No, but the eontrary ; and nothing tends more 
to bring on nerrous diseases than the use of bed- 
eurtains.'* 

** Then why do people use them ?" 

" When bedsteads were first invented the walls 
of the room were often full of eraeks, and if a bird 
eould not fly through the crevices in the windows, 
and a dog ereep through or under the door, the house 
was eonsidered unhealthy ; thus you see there were 
great draughts of air rushing through the rooms, 
and bed-eurtains were used to keep away these 
draughts. Thus the eustom has eontinued with us 



PHIL080PHY. 105 

to the present day, althongh we no longer need 
tLem. 

^' But do you not thinkthat bed-enrtains are yery 
healthy ?" 

" They appear very comfortable, bnt at the same 
time when they are drawn ronnd a sleeping person, 
as I said before, they are very unhealthy." 

"Inwhatwayr' 

'^ That is rather a difficult question, and whieh 
to solve eorreetly we shall have to rely upon our 
ehemieal knowledge. 

" Now let us suppose it is winter, and the storm 
is howling without, the rain and snow is pattering 
against the window of your bedehamber, every blast 
seems to ehill as it blows, and you fancy the wind 
is rumbling and moaning in its own wild way, be- 
eause it eannot get at you to twirl and twist you 
about. On sueh a night, on going to bed, what 
would you do ?" 

" I know what I should do," said Edwin, " I 
would see that the window was shut elose, then I 
would pull down the sun-blinds, and then draw the 
window-eurtains ; then I would draw the eurtains 
elose round the bed, so that not a blink of light or 
blast of air eould get at me, then I would jump into 
bed, where I should soon fall asleep." 

" Now you have plaeed yourself in this comfort- 
able position we will examine it and see if it is as 
healthy as it comfortable. You are well aware that 
during the time whieh you lie there you must breathe, 
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and eTery breath yoa exhale yon render the air in 
the room. more impiire. When you ha^e breathed 
ihe air for a length of time, it is of a poisonons 
natnre, as I showed you the other day, by pntting a 
moase into a jar of yonr own breath.* Yon saw 
that the monse began to show signs of sleepiness, 
and ^nally appeared as if it was dead. When the 
air has been repeatedly breathed in the room, yonr 
position is something like the monse in the jar. The 
air has beeome yery stapifyingy and has a sensible 
effect upon the blood, eausing it to flow more slowly 
throttgh the system, and therefore throwing you into 
a dozing stupor, from whieh you feel no inelination 
to arouse yourself. When you rise it is ofben late, 
and you feel miserably dull and stupid, and, during 
the operation of dressing, you feel very ehilly and 
eold, and as soon as an opportunity presents itself 
you get dose to a fire. You offcen haye, by way of 
aeoompaniment, a l^eadaehe. 

'^ I haye often felt in that manner, papa, when I 
haye shut up my room, but I did not know what was 
the matter with me. I haye often thought it was a 
sort of illness." 

^' All the iUness whieh you feel is eansed by being 
obliged to breathe impure air.*' 

" What remedies would you prbpose for this kind 
of illness?'' said Edwin. 

* This experiment was tried on a eanary. The eage was 
snspended from the top of tlie bed, where a fdll-grown peraon 
was sleeping, the enrtains being drawn. In the moming the 
bird was dead. 
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^' lf I had been so foolish as to depriye myseir of 
pnre air, and felt symptoms sneh as I haye deseribed, 
I wonld sponge myself all oyer with eold water, and 
then take a good, brisk walk." 

" Why sponge yonrself with eold water?" said 
Emily. 

" To elose up the pores of the skin, whieh are v«ry 
mneh open." 

" How do yon know that they are open, as you 
eannot see them?'* 

" True, I eannot see them ; but I kndw that they 
are open, by the rapidity with whieh the heat is 
eseaping, or I should not feel the sensation of eold." 

" Why should you go out to walk in the air ?'* 

" My illness is eaused by want of oxygen in the 
system — I have lost it during the night. Now, if 
I walk briskly against the wind in all probability I 
shall soon inhale a plentiful supply of oxygen into the 
system, whieh will soon show itself by glowing eheeks 
and perspiration. I haye not the slightest doubt 
but there is a large amount of illness eaused by bad 
yentilation. Now, let us suppose a person indulging 
in the way in whieh you proposed, he soon beeomes 
languid, fretful, peeyish and stupid ; and if he is a 
man who knows nothing about ehemistry, he fancies 
that he is really ill, and sends for the doetor. The 
doetor arriyes, feels his pulse, shakes his head, and 
grayely tells him it is his neryes. He then sends 
him pills and a bottle of medieine, whieh he affirms 
will soon set him on his legs again. The person 
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does as he is bid, goes to bed, perbaps takes the 
medieine, and, as eyery sensible person knows, is 
now really ill. Now, what is to be done ? he feels 
a headaehe and loss of appetite, and has an antipathy 
to all soeial intereonrse. The doetor yisits him 
again, more medieine is administered, and so it goes 
on till the patient perceives himself weak, and well 
he may ; his limbs were given him to use, and when 
he eeases to use them they grow weak and feeble." 

** If you were the doetor, papa, what remedy 
would you administer to a patient afflicted in that 
manner?" 

** The most speedy eure would be to make him 
walk over fpur miles of ground in an hour." 

" Suppose, papa, that did not eure him; what 
would you then preseribe ?" 

" A large glass of pure water, and a walk over 
the same spaee of ground again.'^ 

" Why would you give him a glass of pure water?" 

** Beeause it eontains plenty of oxygen, of whieh 
he is in seareh.'* 

**I think, papa," said Edwin, laughing, "you 
would not get many patients at that rate ?'* 

" I daresay not, few people like simplieity." 

** I fear we are sadly digressing from our subject,'* 
said Emily. " We were talking about impure air 
in our bedrooms. If this gas is so injurious, how 
ean we avoid it?" 

** Your question is one of great importanee to 
females, and I will answer it in as praetieal a way 
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as I ean. "Wlien I was a boy, it was but little time 
I was allowed for sleep, as I was obliged to rise 
eariy and go to bed late ; and, of eourse, what few 
hours I spent in sleep I stroye to make the best of, 
as I eonsidered. When I went to bed I always took 
eare to lower the top sash about six or eight inehes, 
and in warm weather even more, so that there was 
an outlet for the warm and impure air of the room.'* 

"I do not see why the warm air should go out, 
beeause the window is open.'* 

" It goes out beeause it eannot help it. I Yrill 
explain it to you : — When I first went into the 
room the air was eool and pure, but when I began 
to breathe it, together with the warmth of my body, 
rendered it warm, and it is one of the laws of nature 
that when a substanee is heated it expaiids ; thus, 
when the air in the room beeomes warm it expands, 
and the open window allows it to eseape, while a 
fre6h supply eomes in from under the door, through 
the keyhole-, &c. 

" I always found that when I opened the window, 
as deseribed, I awoke refreshed and free from stupor ; 
whereas, if lomitted it, I generally overslept myself." 

" I will try it to-night," said Edwin, ** and then 
I hope I shall have less difficulty in rising in the 
moming." 

" Is that the reason why people open their bed- 
room windows?" said Emily. 

" It is to allow the impure air to eseape whieh 
has been generated during the night." 
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'^ Whieli do you eonsider is the best metliod of 
yentilatingaroom?" 

^' Open the windows, both top and bottom, and 
also the doors, so that the wind maj haye free phij 
into all parts of the room." 

*' Is it necessarj that sleeping rooms shonld be 
yentilated every daj ? " 

'^ Yes ; and the best plan is as soon as joa are up 
in the moming to open the window, and let it 
remain till near eyening, so that the wind maj haye 
fnll plaj into it all daj. In winter, when the air is 
moist, and there is danger of the bed-elothes be- 
eoming damp, the room maj be yentilated bj putting 
a fire in the grate ; the impure air is then drawn np 
the chimnej. There is nothing so disagreeable as 
an ill-yentilated bed-room, and nothing eonduees 
more to headaehes, ill-temper, and illness.*' 

'^ I haye one question more to ask, papa, and that 
is about damp beds." 

* ' What about them, Emilj ? " 

** Whj do thej eause illness to persons who sleep 
in them ? '' 

** The mbisture of the bed absorbs the heat of the 
bodj mueh in the same manner as eold sheets do 
when we first get into bed ; but the eyil Kes in the 
fact of the abstraetion going on all night, and when 
the person rises he feels verj eold ; the pores of 
his body are open, whieh allows more heat to 
eseape ? " 

'* What do jou suppose is a remedj for sleeping 
in a damp bed? " said Einilj. 
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'* If you know that yon Laye slept in a damp bed, 
the best thing to do is to ehange yonr linen, take 
a warm bath, and rub yonrself perfectly dry ; then 
take a tnmbler of hot brandy and water, with as 
mneh eayenne pepper as wiU lie on a fonrpenny 
pieee." 

" Why shonld yon adyise those remedies, papa ? " 
'^ The person has, for a nnmber of honrs, been 
losing heat throngh the skin ; now, to snpply that 
demand, he has drawn mueh of the heat from the 
interior of his system, and it is that heat whioh we 
wish to supply. If he were to go into the eold air 
as soon as he had risen, the result would be the 
pores of his body would eontraet so suddenly and 
forcibly as to eause feyer. Too mueh eare eannot 
be taken with linen and beds. Depend upon it that 
damp beds and damp linen are a fruitful souree of 
feYers and other illness.^' 
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CHAPTER XIV. 

OLOTHING. 

Tlie eaiue of perBons periBhing witli eold — ^The effect of thin 
boota — Stoekuigs — Lambswool — Worsted and ootton — 
eiothes haye no heat in themselyes — ^Why worsted or 
woollen is often wom next the skin — Linen — ^Woollen 
doth — ^Why loo8e-fitting garments are the warmest — ^Why 
we nse lighter dothing in warm weather — ^Why we take 
off onr npper dothes when we are working hard — ^Why 
tight-fit1ing gloYes are always eold. 

** Amono the eommon things of tliis life is oar 
elothing. I haye not a doubt that there are manj 
people who do not understand why this garment 
renders them eool, that warm, and this moderate." 

" I do not;" said Edwin, ** and I should be happy 
to hear. Will you tell us to-night ? " 

" It is the subject to whieh I wish to eall your 
attention. In our former conversations we have 
repeatedly spoken of eonduetors and non-eonduetors 
of heaf, and in speaking of the philosophy of dress 
we shall again revert to the subject. I have told you 
that all bodies, when heated above the natural heat, 
are eonstantly giving it out. If I lay a hot ball of iron 
on the ground it quickly gives ont its heat to the air. 
It is just the same with my body — I am warmer 
than the air, therefore the air is eontinually absorb- 



PHILOBOPHT. 113 

ing the heat from me. If 1 eould remedy this by 
keeping up a snpply of heat I should want no elotlies ; 
but, as I eannot, I must adopt some plan to preyent 
the air from absorbing the heat too rapidly.'' 

** Is that the reason why we wear elothing?*' 

" Yes, if we wore none we should soon be in the 
same position as the ball of iron. You haye heard 
of persons perishing from eold ; the eause was be- 
eause, from want, or some other eause, they eould not 
supply the heat so £ast as the air absorbed it from 
them." 

" How do persons feel when in that eondition ?" 

'' They feel faint, and haye a strong inelination to 
sleep ; it is eaused by the eold stopping the eiroula- 
tion of the blood. Now, to preyent this we must 
adopt some seheme." 

" I suppose,*' said Edwin, "we wantelothes to 
preyentthe heat from eseaping from our bodies." 

** Yes; but now arises the question, what kinds 
of elothing are best adapted for this purpose." 

"That," said Emily, "depends upon the elimate 
we liye in, I suppose ?" 

" You are right ; but for the present we will speak 
of our own eountry, whieh you know is a temperate 
elimate, and yery liable to ehange. We will now 
examine our prineipal artieles of dress, and see if 
they will admit of a philosophie examination." 

** Wewill eommenee with our boots," said Edwin. 

" Are you speaking of summer or winter ?" 

" Winter.*' 
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^' Then we mnst baye a strong pair, with tbiek 
soles/' 

" Wby tbiek soles ?" 

'' In winter tbere is a great deal of wet weatber, 
and tbe damp would find its way tbrougb a tbin pair 
of boots, and wet or eyen damp feet are yery uneom- 
fortable and unbealtby.'* 

" Wby are damp feet nnbealtby ?" 

'* Wben tbe dainp bas penetrated tbrougb tbe 
leatber of your boots, tbere is a eommunieation 
opened between your feet and tbe damp ground ; tbe 
warmtb of your feet is absorbed by tbe moisture 
wbieb is getting into your sboes." 

** I baye seen," said Emily, **persons in winter 
walking witbout sboes or stoekings." 

" No doubt you baye; and if you eould baye 
examined tbeir feet, you would baye found tbem 
eoyered witb a bard, bomy skin, wbieb is far better 
adapted to keep tbem warm tban your boots." 

**I pereeiye, tben," said Edwin, **ifwe wisbto 
preserye our bealtb in winter, it is neeessary for us 
to baye good strong boots." 

" Wbat kind of stoekings would you prefer?" 
said Emily. 

*' As it is winter we sball want wbat is ealled a 
warm pair, tbat is, a pair wbieb is a bad eonduetor 
ofbeat." 

" Worsted stoekings would suit us, I suppose," 
said Edwin, " as worsted is made of wool.*' 

'^ Worsted is generally made from eoarse wool. 
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tlierefore I ean find a better snbstanee for winter 
stoekings than worsted.'* 

" What is that?" said Edwin. 

'' Lamb's-wool is sofber and warmerthan worsted." 

** I suppose you mean to say that lamb's-wool is 
not 80 good a eondnetor of heat as worsted, and eon- 
se^nently retains more heat ?^' 

" Yes, papa, that is my meaning." 

" Then we must have a pair of lamb's-wool stoek- 
ings, I suppose, if we wish to be warm and comfort- 
able; butif we eannot aSbrd lamb's-wool we must be 
eontent with worsted, whieh will last mueh longer.'' 

" I always eonsidered,'* said Edwin, ** that it was 
the olothing that was warm ; but now I •perceive that 
the elothes only keep the heat of our bodies from 
eseaping." 

** That is the purpose of elothes ; they have no 
heat in themselves.'* 

** I think," said Edwin, " I now understand why 
people often wear wooUen next the skin." 

** Why?'' 

'^ Beeause in the first plaee it retains the heat of 
the body, and, if by any means the body gets more^ 
than usually heated, it does not allow the heat to 
pass away so rapidly.'' 

" The next question is why people always wear 
linen next to the Aannels, and in some eases next 
the body." 

^^ No, papa, Idonotthink I ean tell," said Emily. 

'* I ean," said Edwin ; '4t is like the sheets, of 
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whieh we were speaking tlie other eyening ; it is a 
point of eeonomy. The body is eontinually giying 
out perspiration, whieh is absorbed by the garments 
next the skin, and would in a yery short time render 
them very olSensiTe, unless they were renewed yery 
ofben. Linen is more easy to wash than many other 
things would be, and therefore it is ehosen for that 
purpose." 

'^Thank you, Edwin ; it seems that you now 
understand the subject. I have another question to 
ask, and that is, of what materials ought our gar- 
ments to be made, so as to render them serviceable 
for winter?" 

'^ Good wooUen eloth, as that retains the heat 
mueh better than any other substanee." 

^' I should not say that wooUen eloth retains the 
heat better than any other substanee — it does retain 
the heat, and is also a very convenient material for 
that purpose. How would you have your elothing 
to fit you, tightly or loosely ?" 

** I think moderately tight, as it looks the 
neatest." 

" I have no doubt but they look neater, as you 
ob^erve, when they fit tightly, but loose-fitting 
garments are the warmest." 

** I do not understand that," said Edwin. 

" I will explain it to you.. In garments that fit 
loosely, there is a spaee between the body and the 
elothes ; this spaee is full of warm air whieh the 
garmehts retain, Thus, you see, when our elothes 
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fit tis loosely, we moye about as it were in an atmo'^ 
spliere of warm air. If our elothes fit ris tiglitly 
there is no room for this air, and conseqaentlj there 
is not so mueh warm air near the body." 

"I understand now," said Edtnn, "why we 
bntton our jackets and eoats when we feel eold.'* 

" So do I," said Emily ; ** it is to keep us warm." 

" Yes, Emily, that is the eommon term; but in 
reality it is to retain the heat whieh is eseaping too 
rapidly." 

'' It seems like tuming a tap to preyent a fluid 
from eseaping tpo fastly.'* 

*^ It is something like it ; for, as soon as we haye 
again got up a supply, we ean again let it out by 
loosening our elothes.'* 

" Now, let us suppose that winter has passed away ; 
the sun begins to shine, and as the air grows warm, 
our winter elothing begin to get too hot, that is, the 
heat does not eseape so fast as it is generated, there- 
fore it renders us uncomfortable ; under those eireum- 
stanees what do we do ?" 

"We put off our winter dresses, and put on 
eooler.'* 

" What do you mean by eooler dresses, Edwin? 

^' Those that eonduet the heat, or allow the heat 
to eseape more rapidly. Ootton garments, I should 
suppose, are well adapted for that purpose." 

' * You must remember, that as yet it is a yery 
ehangeable season of the year ; to-day it may be 
warm, and to-morrow eold, so that too sudden a 
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ehange would not do, we mnst haye somethmg more 
saitable than eotton." 

«' What do you think is best?" 

*' There is a eloth that is a mixtnre, of both wool 
and eotton ; this is yery suitable for spring, as it 
retains the heat, but giyes it out more readily than 
woollen eloth would do. Now, let us suppose that 
the warm season of Julj and August are eome, when 
the air is sultry and hot, the warm air by whieli we 
are surrounded oannot eonyey the heat away so 
fastly through our eloth garments as it is generated ; 
therefore we must put on garments that readily allow 
the heat to eseape, whieh are mostly made up of 
eotton and wool. I think now you understand the 
philosophy of dress ; buf if you have any questions 
to ask before we elose the eonyersation, I shall feel 
great pleasure in answering them." 

*' "Why do men strip off their elothes, when they 
are working hard?" said Edwin. 

" When men are exerting themselyes yery mueh, 
heat is generated mueh faster ; and they put off their 
upper elothing to let it eseape." 

" Why is a tight-fitting gloye more eold than a 
loose one?" 

*' Beeause there is not room between the hand 
and the gloye for warm air, and thus the heat is 
eonyeyed direetly £rom the hand through the 
gloye." 

" Why are kid gloyes difficult to get on a wann 
hand." 
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" I suppose wlien you purehase a pair of kid 
gloTes you always take eare to haye them small 
enough, as they are apt to streteh when you haye 
wom them a few times. You eonsider that they fit 
you if you ean but get them on by any means when 
the hand is eool. Now, when your hand is warmer 
than usual the heat eauses it to expand, and at the 
same time it is damp with perspiration ; thus you 
haye two obstaeles to oyereome, the expansion of 
the hand and the perspiration. 
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OHAPTER XV. 

BOILIKO WATER. 

Meaning of the term boil — The pToeess whieli takes plaee 
when water is boiling — ^Why the water in the kettle boils 
OTer — ^Why the water eeaBes to boil when the kettle lid is 
raised — ^Why the kettle sings — ^What is hard water — ^Why 
the kettle Buddenly eeaseB to boil when taken froni the 
fire — Diflference between hard and soft water — ^Why Boft 
water makes better tea than hard water — ^YHiy elay 
TeBsels hold the heat longer than metal — The eanse of the 
mshing noise in steam engines. 

" I THiNK, papa, yon will smile wlien I tell you 
what I have been about sinee ourlastconversation." 

"Whatisit, Emily?'' 

" I have been watehing the kettle boil." 

'* I am glad to hear that our conversation8 have 
led you to observe the things around you ; and besides 
it was by watehing the kettle boil that James Watt 
had the first idea of the power of steam ; so that you 
see that your employment has not been so very 
ridieulous. Now tell me what observations you 
made." 

**Idid not make any observations, papa; and, 
although I have seen the kettle boil many times 
before, I really do not understand why it should 
boil." 
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''l^shall feel great jplea^e in explaining the 
operation to you. We will suppose that tbe kettle 
has just been hung oyer the fire.^' 

" Will you please firet to explain the term boil ?" 

*• By the term boil, I mean putting as mueh heat 
into the water as wiU raise the heat up to 212 
degrees : we ean heat it no higher. If we were to 
put a thermometer in the midst of a thousand gal- 
lons of boiling water, and then into a boiling kettle, 
we should find the degree of heat exactly the same. 
If we still add heat to it, the water gets no hotter, 
but goes off into steam." 

" I do not understand why the water roUs and 
bubbles about in the way it does when it is hot." 

** I understand what you mean, and J think if you 
will have a little patienee I shall have no diflficulty in 
making you understand it. We have. supposed that 
the kettle is put over the fire to boil filled with eold 
water. The first thing whieh warms is the metal at 
the bottom of the kettle, whieh eommunieates the 
heat to the lowest partieles of water, whieh form 
small bubbles of steam on the bottom of the kettle ; 
these eontinue to enlarge till they are about the size 
of a pin's head* when they try to rise to the surface ; 
but eoming into eontaet with the eold water above, 
the heat is absorbed from the steam, and thus they 
again form water. As soon as the first bubbles of 
steam leave the bottom, more eold water falls into 
their plaees, whieh is again converted into steam, 
whieh rises in the water, and again is deprived of its 
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heat by the eold water. Thns tbe proeess goes on ; 
the water at the bottom of the kettle getting hotter — 
the steam forming in proportion. As the water warms, 
the small bubbles of steam are obliged to aseend 
higher eyery time, till at last they aseend to the top. 
When the steam generates faster than it ean fairlj rise 
to the surface, or the water is heated to abont 212 
degrees of heat, the steam then rises so rapidly that it 
forces the water up with it. We then say it boils." 

" Then we are to understand," said IJdwin, " that 
it is the rapid rising of the steam from the 
bottom of the kettle to the top whieh eauses 
the water to roU about, when we say that the kettle 
boils." 

" What is the reason that it stops boiling,'' said 
Emily, " when we raise the lid ? " 

" When you take off the kettle lid, you let in a 
quantity of eold air, whieh rapidly absorbs heat from 
the water ; thosepartieles whieh have lost heat eon- 
traet and immediately fall, absorbing heat from the 
hot water around them — ^thus redueing the tempera- 
ture. If, when the water is boiling, you thrust a pieee 
of eold iron into the kettle — as the round ball at the 
end of the poker — ^it will immediately eause the water 
to eease boiling." 

" Why isthat, papa?'' 

'^ Beeause the iron is eold, and absorbs the heat 
from the water." 

" I have often notieed," said Edwin, ** when the 
kettle has been put orer the fire for a short time 
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tbere is a singing noise, or we say that the kettle 
sings. Wliat is the eanse of that, papa ?" 

** Water, as I have before told you, is oomposed 
of small globnlar paitieles. Now, between every one 
of these there is a spaoe. In pure water these 
spaees are full of air ; but in 'all natural water they 
are more or less full of matter whieh it holds in 
solution, sueh as salts, oxide of iron, lime, magnesia, 
&c., whieh the water eoUeets as it flows along. 
When there is a large portion of the two latter in it, 
we say the water is hard. When the water is plaeed 
oyer the flre, as soon as it begins to get a little 
warm the air between these partieles expands and 
eseapes, and the singing noise whieh we hear is the 
air eseaping." 

" You have shown us, papa, why the water stops 
boiling when we take the lid off ; will you be kind 
enough to tell us why it stops boiling when we take 
it from the fire?'* 

" As soon as the kettle is removed from the fire, 
the stream of heat not only eeases going into the 
kettle, but the bottom of the kettle aetually begins 
to give out heat, and therefore the boiling point is 
instantly redueed. It is remarkable to see how 
quickly the effect of eutting off the stream of heat 
has upon the whole body of water, — ^how almost 
instantaneously the boiling eeases.'' 

"I have often heard you and mamma say that 
you ean tell by the look of the tea or coffee whether 
it is made of hard water or soft. How ean you tell 
that?'' 
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'* I told yon that all natoral water eontained more 
or less of foreign sabstanees ; now, when these spaees 
are iitll, they eannot hold the partieles of tea, there- 
fore the tea looks pale and weak. If we take soft 
water, and the same qnantity of tea, we shall see a 
yery marked difference; the spaees in sofib water 
being eomparatiyely empty, therefore there is room 
to take in the partieles of tea. I haye no donbt 
you haye heard the saying ' that a pint of spring 
water will make better tea than ,a qiiart of pnmp 
water.' The ease might be applied to soft and hard 
water, and we may say that a pint of sofk water will 
make better tea than a pint of hard.'' ^' I was in 
the kitehen the other day, and I saw the eook take 
ont of the oyen a large earthenware basin, fall of 
boiling water, and I notieed that it boiled for a 
minate after it was taken ont of the oyen. Do you 
know the reason of that? 

" No papa, I eannot say I do ; perhaps yon will 
be kind enough to tell me ?" 

" First, you must tell me what the basin was 
made of." 

" eiay, I suppose." 

" Yes, and that proyes to you that elay holds the 
heat, or is not so good a eonduetor of heat as metal. 
If a stone bottle, as they are termed, is filled witb 
boiling water, and wrapped round with a Aannel, it 
will hold the heat for twenty hours, and at the end 
of that time, the water will be so hot as not to aUow 
the hand to be held in it. In this ease, the water, 
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the bottle, and the Aannel are bad eonduetors of 
heat. When the water is boiling, you see the 
yapour issuing very rapidly from the lid or spout ; 
this yapour is eomposed of small partieles of water 
and steam, rushing against eaeh other in the rapidity 
of their Aight." 

^' Is that the reason why steam-engines make 
sueh a roaring and puffing noise ?" 

^' There i^ no doubt of it ; but in the ease of a 
steam-engine the rarified air and yapour from the 
funnel, striking against the air, eause the noise 
whieh we hear. 
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OHAPTER XVI. 

THE AIB. 

The general propeitieB of the air— the wisdom of ihe Oreator, 
a8 shown in the transpareney of the air — ^The preBsnre of 
the air — How we know that the air presdes eqnally in all 
direetions — The leather sneker — Why water ean be drawn 
np a tnbe — How we know that the air presses npwards as 
well as downwards — How snails and eaterpillars are snp- 
ported when elimbing — Gnrions fact with regard to snadls, 
the horseleeeh, and the remora — How oysters and mnssels 
keep their shells dosed — The eanse of the pressnre of the 
air — The air has weight— Why we do not perceive the 
weight — How we ean find that the air has weight — ^The 
elastieity of the air — How it ean be proved that the air is 
elastie — Gompression — The pop-gun — The wonders of the 
air — ^The beanty of God's handiwork. 

** OuR subject," said Mr. May, " for this eyening's 
eonyersation will be the air we breathe, as it is one 
of the most eommon, and also one of the most im- 
portant for the well-being of all terrestrial ereatures." 

**Will you tell us, papa, what are the general 
properties of the air ?" 

" I shall feel great pleasure in so doing; but at 
the same time, when I speak of the properties of 
the air, you must not only remember that these 
properties are eertain meehanieal aetions ; but I want 
you to see them as great and mighty agents of God, 
a sort of ministering senrants, whose duties are to 
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eonTer bappiness on all earthly ereatures. K we do 
not see, in these great works, tlie wisdom and design 
of the Great Oreator, it will be in vain for us to look 
into the great book of nature. Suppose I were to 
take you to see a beautiful maehine at work, but it 
so happed that you eould only see a yery small part 
of it at onee, and I was to say that is a wheel, that 
is a strap, and that is a ehain. Now, you would eome 
away with a very confused idea of the wonderful 
maehine. Ju8t so it will be if we only see in our 
examination of the air those eertain meehanieal 
properties of whieh I shall now speak." 

"Whatare the general properties of the air?" 
said Edwin. 

" I will give you a list of them, and then you ean 
eopy them out. 1. It is transparent ; 2, it presses 
equally in all direetions ; 3, it has weight ; 4, elas- 
tieity; 5, eompression. These are the chief pro- 
perties of the air we breathe. There are others, of 
whieh we shall speak when we eome to speak of its 
ehemieal properties." 

" What is the meaning of the word transparent, 
as used here 7" said Emily. 

" Anything through whieh light will pass ; sueh 
as air, glass, water, &c. In this one property alone 
we eannot fail to see the wisdom of an All-wise 
Greator. If we eould suppose that the air had 
not been transparent, what a miserable existence 
ours would have been, if we eould even have existed 
at aU ; without the transpareney of the air, our eyes 
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would liave been perfectly nseless. If we ean for a 
moment eoneeiye the idea of the whole of the hnman 
raee depriyed at onee of their sight, or the air losing 
its transpareney, we eould then form some idea of 
what a miserable and nseless life onrs wonld be. 
Man nor animals eonld not exist. How little are we 
aware of the thousands of mereies bj whieh we al*e 
surrounded !'* 

" What do you mean, papa," said Edwin, " when 
we say that the air has a pressure ?" 

" I mean that it presses equally in all direetions." 

" This is owing to its weight." 

" How do you know that the air presses equally 
in all direetions?" 

" I think I haye seen you and Edwin playing with 
his leather sueker." 

" You mean, papa, that round pieee of leather 
with a string through it, whieh he puts into the 
water?" 

" Yes." 

" Edwin and I haye often played with that, but 
we ;ieyer eould undeirstand what it eould possibly be 
that eaused it to adhere to the water." 

'* When he puts the sueker into thewater there is 
no air beneath it, so that when he pulls it to the 
surface, it has the pressure or weight of the air upon it, 
and it is that whieh eauses it to stiek to the water. A 
yery eurious experiment may be tried with it, if you 
take a small quantity of water in a small tin yessel 
and dip the sueker in it, you may lift up both the 
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water and yessel at the same time. The other day 
I saw Edwin drinking throiigh a pipe." 

" Yes, papa, but I eould not imderstand how it 
was that the water eame into my mouth." 

**When you put the pipe into the water it was 
full of air ; but as soon as you drew the air out of the 
pipe the pressure of the air outside pressed the water 
up the pipe, where there otherwise would have been 
a vacuum. These two facts show that the air presses 
downwards." 

'' I do not think, papa, that I see any uses of the 
air pressing downwards ; but I am sure there are, or 
it would not be so." 

" If the air did not press downwards, although we 
might raise the water to our lips, we should not be 
able to drink. In fact, we eould not get water into 
our mouths, except by sueh means as a spoon. Thus 
you see that nearly the whole of the animal world 
would perish, although the water was up to theirknees, 
if it was not for the pressure of the air downwards.'* 

" I think I understand you, papa ; but how ean 
you show us that it presses upwards ? " 

** Do you remember asking me last summer how it 
was that the flies managed to walk on the eeiling ?" 

"YeS, papa, Iremember it quite well, and you said 
it was owing to the pressure of the air ; but I eannot 
say that I thoroughly understand it ; perhaps you 
will be good enough to explain it again." 

" If we were to examine a fly's foot, we should see 
that it somewhat resembled Edwin's sueker, only it 

K 
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is a great deal Bofber. When the Ay alights on the 
wall, it spreads ont its broad, sueker-like feet on the 
wall, taking eare to haye no air beneath them ; the 
weight of its body then tries to pull these snekers 
away from the wall, and, in so doing, forms little 
Taeuams under them ; thus the pressure of the air is 
greater outside the foot than under it, and by that 
means the Ay is borne up. This shows that the air 
has a pressure upwards.'* 

" I understand you Tery well, papa," said Emily ; 
'^ but how ean you show us that it has a lateral or 
side pressure?" 

" You haTe seen eaterpillars elimbing up eab- 
bages, I suppose, and up posts ? " 

** Yes, many times," said Edwin. 

** Their feet are formed almost like the fly's, and 
they are supported by the pressure of the air. You 
haTe seen snails ereeping up a tree." 

" I saw, yesterday, in a hole in a tree, a large 
buneh of them stieking together, and I intended 
asking you how they were able to stiek together, as 
Bome were hanging downwards, some stieking side- 
ways, some resting on the top, and a number of 
them adhering to the wood." 

^'I am glad you mentioned that fact, as it will 
assist me in showing that the air presses equally in 
all direotions. The snail, like the eaterpillar and 
fly, has the power of forming a Taeuum, and by that 
means they are able to stiek to anything. You say 
that the snails were stieking to eaeh other in all 
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maimer of ways. In that fact alone we ean see that 
the air presses equally in all direetions. If it only 
pressed npwards or downwards, the snail eould not 
adhere to an upright post. It is a eurious fact, and, 
as far as I am aware, it is the only ereature that 
moves itself along by means of the pressure of the 
air. It has also the power of exuding a kind of mat- 
ter, whieh helps to render the surface upon whieh it 
is elimbing more smooth, and it also helps to enable 
it to form a more eomplete vacuum. If you see a 
large snail aseending a tree, and you put the point 
of a knife under it, it falls in a moment, whieh shows 
us that the ereature has no power to hold on to the 
wood except by means of the vacuum." 

" Are there any other ereatures whieh ean support 
themselve8 by means of a vacuum ? " 

** Yes, the horse-leeeh will stiek itself so firmly 
to a pieee of glass that they will almost bear to be 
pulled asunder before they will let go. There is also 
a kind of fish, ealledthe ' Kemora,' whieh will attaeh 
itself to the whale ; and they have also been found 
stieking to the bottoms and sides of ships. The oyster 
and mussel keep their shells, in a great measure, 
elosed by means of the pressure of the air. If y ou were 
.to make a hole through the shell of an oyster, there 
would be no difficulty in opening it. I dare say you 
have notieed that when the fishmonger has inserted 
the point of his kiiife and let in the air, the oyster 
has no more power to elose it, simply beeause the shell 
is injured, and it eannot make a vacuum in the shelL'' 

K 2 
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" What iB the eanse of the pressure of the air?" 
said Edwin. 

'^The air whieh snTroimds oar globe is about 
fortj>fiTe miles in height, and, as all matter is 
attraeted bj the earth, so air is also aeted upon by 
the attraetion, whieh gires it a weight of about four- 
teen pounds upon eyery square ineh of snrface ; but 
as we aseend in the atmosphere the pressure beoomes 
less^ B7 way of illustration, let us suppose a hirge 
number of brieks piled one aboye another, to a great 
height, the top one will haye the least pressure, but 
the next would haye the weight of the top one, and 
eaoh sueeeeding briek would haye a heayier weight 
than the one aboye it, and thus you see the bottom 
one would haye the greatest weight upou it. So it 
is with the air, the higher parts press upon the lower, 
whieh is the eause of the great pressure I haye been 
attempting to deseribe to you. 

'^ I understand what you mean, papa ; but ean 
you tell me of what use this great pressure in the 
air is ?" • 

^^ I am glad you haye asked this question, as it 
was my intention to haye said a few words about it. 
If it was not for the pressure of the air, as I showed 
you, we eould not drink ; now I ean tell you further 
that we eould not breathe if it was not for the 
pressure of the air. Most persons think that, when 
ihey breathe, they draw the air into the lungs, 
but sueh is not the ease. We driye the air out of our 
lungSy and the moment it is expelled, and we open 
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them again, the air rushes in, whieh we again expel ; 
but if the air was not pressed into our nostrils and 
lungs we should not have the slightest power to 
obtain it. Thus, my ehildren, you see how wonder- 
fully the air is adapted for the purpose of breathing, 
If it were not so, and we had to go in seareh of a 
sugply of air, as we do of water, how miserable we 
should be ; but you see how wisely the all-wise 
Oreator has adapted it to our wants, eren forcing it 
upon us by its immense pressure." 

" I think I understand the uses of the pressure ; 
but how ean it be proved that the air has weight, as 
it does not seem to have ?** 

** You are right, it does not seem to our facultie8 
to have any weight whatever. If you take a bueket 
and lower it into a well by means of a eord, and let 
it sink to the bottom, although it is full of water 
when you begin to raise it from the bottom of the 
well, yet you do not perceive the weight till the ^ 
bueket begins to rise above the surface. It is the 
same with air ; we do not perceive its weight, beeause 
we are surrounded by it. It must be evident that, if 
the air has a pressure of fourteen pounds on every 
8quare ineh, there must be weightto eause the pres- 
sure. It ean also be shown that if a vessel whieh 
held a quart is exhausted of the air and then 
balaneed on a very fine balanee, it will be found, when 
the air is let into the vessel again, to inerease in 
weight about fourteen and a quarter grains ; but this 
weight diSers, as tho air is seldom two days together 
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in the same eonditioiL I think we may show in 
another way that the air has weight. Yoa haye seen 
a pieee of wood thrown into water V* 

" Yes, many times." 

" What happened to the wood?" 

" It Aoated on the Bnrface of the water." 

" But why did it float ?'• 

'^ Beeause it was lighter than an equal bulk of 
water." 

** Yes. Did you ever see anything in the air ?" 

" Yes, smoke." 

** But why does smoke rise in the air?" 

'* For the same reason that the wood Aoated in 
the water ; beeause the smoke is lighter than the 
air, or in other words, the air is heayier than the 
smoke." 

" But ean an object be heavy without weight?" 

" Gertainly not, papa." 

" Then we may eonelude that the air has a great 
pressure, and that pressure is eaused by its weight." 

" What is meant by the elastieity of the air ?" 

** It means that it is eapable of being* expanded 
and then eontraeted again." 

" How is that shown ? " 

*' It may be shown by this bladder, whieh is half 
full of air. If I plaee it near the fire, it immediately 
eauses it to expand. I now take it away, and you 
see it sinks to its original 6ize. If I were to put 
this bladder under the reeeirer of an air pump and 
remoye the air around it, the air in the bladder 
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woTild begin to expand till tHe bladder borst, if there 
were room enough in tbe receiver for it to expand ; 
but the moment the air is let into the reeeirer, the 
air in the bladder again eontraets to its natural size. 
It is said by philosophers that if all the air whieh 
surroimds the globe were to be annihilated with the 
exception of one eubie ineh, if that ineh were at 
liberty it would immediately spread over the whole 
surface of the globe." 

" What is meant by eompression ? " 

'^ It means that a eertain portion of air in its 
natural state ean be eompressed into a very small 
spaee. This ean be illustrated by Edwin's pop-gun. 
When you put the pellet into the tube, the tube is 
full of air. When you drive up the stiek, you eom- 
press the air in the tube, whieh eauses it to aet like 
a spring, whieh eauses the pellet to fly out. This is 
a very simple method of illustrating the subject, but 
with a eostly apparatus air ean be eompressed 
8everal thousand times ; that is, several thousand 
gallons of natural air ean be got into a spaee in 
whieh there is room for only one gallon of natural 
air. 

" ISTow, letus look at the properties of the air in 
another point of view. We have looked at the fact 
of its being transparent, and we then saw how 
miserable 'would have been the fate of the animal 
world without it. Now we will hastily glanee at its 
other properties. 

« Let ujs try and suppose that the air was devoid 
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of those properties wliieb we haye been exaimlung, 
and we shall see what oar globe wonld be like. If 
there were no pressure and elastieity, erery breath 
we breathe woold ereate a yaeuum ; and, instead of 
haying it forced upon us by the pressure upon it, we 
should haye to go in seareh of it. How eould the 
animal world exist if sueh were the ease ? If the 
air had no pressure and elastieity, all our fires would 
cea6e to bum. No power in whioh we are a^ present 
in possession eould keep them alight ; and then 
where would be the end of it ? All eulinary 
operations would be at an end, all the arts and 
manufactures must eease, and we should be in the 
state of those sayages of whom you may haye read, 
who haye no knowledge of fire. Neither would 
this eyil rest only with the arts. Without the 
pressure and elastieity of the air, the winds would 
eease to blow, eyaporation would eease, and there 
would be neither dew nor rain ; and for want of winds 
the trees eould not obtain a supply of earbonie gas, 
♦ whieh is so essential to them. The elimate would 
be materially affected : we should also liye almost in 
twilight, if it were not for the pressure of the air. 
Could we exist under those eireumstanees ? Gould 
all those beauties of the ereation haye been brought 
into existence but for these wonderful arrangements 
of the All-wise Greator ? We ean see at a glanee, 
that if only one of these properties of the air (in- 
significant as they may appear to a eareless obseryer) 
had been omitted by the Greator, as far as human 
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knowledge ean show, the globe would haye been a mass 
of aselesB matter. £ut, instead of that, we find eyery 
thing prepared for a eertain end, and that end is 
the happiness of God's ereatures. Again, if we 
examine the nature of animals and yegetables, we 
shall see equal wisdom manifested. What use would 
the transpareney of the air hare been if we had 
been ereated without eyes? Thns you see how 
beautifally one thing arranges itself with another ; 
or of what nse would the oxygen of the air have 
been if animals had not the power of reeeiTing it, 
or what would haye been the use of the earbon 
or food whieh we take in withoat the oxygen? 
Take them separately, and they are aseless. Then 
again, what would haye been the use of the eombi* 
nation of the oxygen and the earbon, as in earbonie 
aeid, if the plants had not been prepared to absorb 
it ? We might go on showing how all things were 
ereated for a wise purpose, and, like the wheels of a 
beaatifal maehine, all work in harmony, and are so 
prepared that not a partiele of matter ean by any 
means deyiate from the eourse whieh nature has 
intended it to pursue. 

^' What a mind that mast be who eould see all 
those mighty operations in nature at work, in idea, 
before they were ealled into existence. From the 
lowest animal, so small that hundreds of them ean 
swim with ease through the eye of a needle at the 
same time, to the largest monster that walks the earth 
or swims the deep, all had to be planned, and physi- 
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eally arranged for tlie purpose that tliey were designed 
to fulfil. How beaiitifally are tlie tender mereies of 
the Greator here exemplified, in ereating all these 
myriads of living ereatores so perfectly that their 
liyes seem, for the most part, all pleasure and 
and happiness. How wise, then, those physieal 
arrangements of the animal world that ean produee 
sueh results. How small is even this when eom- 
pared with the vast extent of the uniyerse ? To our 
eoneeption, we think a mind must be great to plan 
a world, with all its numerous laws, ereatures, &c. ; 
but how infinitely greater must that mind be to 
grasp the plan of a boundless uniyerse ? It has been 
said by a eelebrated writer* — * If we eould stand upon 
the farthest star the most powerfal teleseope is able 
to show us, and again apply our teleseope, we should, 
without a doubt, see stars far beyond ; and eyen if 
we eould but go to those stars, we should not eyen 
then reaeh the threshold of the Deity.' Sueh is the 
power and mind of God, my ehildren ; and I trust 
when you address Him'again in His house, in the 
words of * Almighty and most merciful Father,' you 
will do so with some idea of what Almighty means. 
Yet, ehildren, He has eommanded us to address 
Him as ' Our Father.' " 



* Addison. 
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GHAPTER XVIL 

THE CHKMISTRY OP THE AIR. 

Simple elements — Oiygen 'and nitrogen — The eomposition 
of tlie air — Garbonio aeid — How it is produeed — How 
plants nnder water obtain earbonie aeid — Why trees tlirive 
moxe Imnriantly by a lake tlian tbose at a distanee — How 
the pbysieal featnre8 of tbe globe are ebanged — How roeks 
are formed at the bottom of tbe oeean — The manner in 
whieh the air is ptirified — The eonrse of a partiele of 
earbonio aeid — Oxygen — Its nses — ^Why people eat pieldes, 
salads, and yinegar, in hot weather — The reason that fe.t 
meats are distasteM tb ns in hot weather — Why sneh 
▼ast qnantitie8 of oysters are eaten in poor neighbonr- 
hoods — The reason that we reqnire more food in winter 
than in snmmer — Why man is a ereatnre of all elimates — 
The]][reason that the Esqnimanz will eat the fat of the 
seal— The reason that riee is the chief food of the people 
in hot elimates. 

" We now eome to another part of oiir subject, 
and I have no doubt as we proeeed we shall find it 
e^ually as wonderful as that whieh we have already 
gone over. To the eye of a eommon ol)server the 
air seems to be a pure and simple element." 

** What are we to understand by simple element ? " 
said Emily. 

" * Simple element' is a tenn used in ehemistry 
to distinguish from eompounds. I will explain it to 
yon. Let us take a pieee of bright iron, whieh is a 
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simple element — that is, it is iron, and nothing 
more — and dip it into water ; in a short time it is 
eoyered with rust. The rast is not a simple element^ 
but a eompound of the oxygen of the water and 
the iron. Oxygen and hydrogen, by themselves, are 
simple elements, but, when ehemieally mixed, they 
form a eompound, whieh is water. Soda and tallow 
or fat mixed together in hot water form soap. 

" I think I understand you," said Emily ; " when 
the substanee eannot be any longer ehemieally 
diyided, it is then ealled a simple element." 

** Yes. In the air we have the elements meehani- 
eally mixed." 

** How many substanees or elements are there 
to eompose what is ealled the atmosphere ?" 

" The great bulk of the atmosphere is eomposed 
of two gases, oxygen and nitrogen; but besides 
these, there are seyeral ingredients, sueh as earbonie 
aoid, watery yapour, eleetrieity, nitrie aeid, &c., but 
our attention will be direeted more partieularly to 
the first three." 

" Are the three gases mixed equally ?" 

"No; nitrogen and oxygen are mixed in the 
proportion of about one part of oxygen to four of 
nitrogen. If we take a hundred gallons of air, and 
6ubject it to analysis, we shall find nearly twenty- 
one gallons of oxygen and seyenty-nine of nitrogen ; 
but if we take a thousand gallons of it, we shall find 
not only the oxygen and nitrogen, but we shall also 
find one gallon of earbonie aeid?" 
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*' Is earbonie aeid an element of tlie air?" 

" No, not exactly, althougli the air would be 
useless in gupporting plants without it; but it 
eomes there aeeidentally as it were." 

" How is it produeed if it is not a natural 
element ?" 

" The earbonie aeid whieh is found in the air 
is formed during the proeess of eombustion or bum- 
ing, breathing, and the deeaying of animal and 
T-egetable matter ; the earbon during these seyeral 
proeesses unites with the oxygen, and forms the 
substanee we eall earbonie aeid." 

" In a former conversation you stated," said 
Edwin, " that the plants and trees absorbed the 
earbonie aeid ; if sueh is the fact how do plants under 
water obtain it?" 

*' The water absorbs the gas from the air, and as 
it flows along in the riTers and brooks, the gas is 
absorbed by the plants. But plants whieh grow in 
water, as at the bottom of rivers, ponds, ditehes, 
&c., do not eontain so mueh earbon as plants that 
grow on land ; they have no need of it, as the water 
supports them. Did you ever notiee when weeds 
have been pulled out of a river, how soffc and weak 
they are, and after being exposed to the sun for a 
short time, they nearly all vanish. This is beeause 
they have but little earbon or woody matter about 
them." 

" Papa," said Edwin, *' Ithink Imade adiscovery 
yesterday, but I am not sure."^ 
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'^ It is best, Edwin, not to be too snre, as some 
one may have diseoTered it before you ; bnt let ns 
know what it is." 

" Yesterday, as I was eoming home through the 
field8 by the lake, I notieed that in the old aTenne 
in the park, on both sides of the lake, the trees 
were mueh larger than in any other part of the 
aTenue ; and I eould not help notieing how luxuriant 
the branehes appeared, and in fact they looked 
quite dark, eompared with those fcirther from the 
lake." 

** Well, Edwin, and what of that ? I haTe seen 
the same thing OTer and OTer again for the last ten 
years." 

** What I want to know," said Edwin, "is why 
the trees are so fine and luxuriant by the lake ?" 

** I think I ean solTe that question," saidEmily. 

** Let us hear it then," said Edwin. 

*' Papa has just said that water absorbs earbonie 
aeid; may not the water of the lake attraet the 
earbonie aeid, and as it is drawn towards the water 
the trees obstruet it, and by that means get a larger 
supply than those at a distanee ?" 

" Is this the diseoTery you spoke of, 'Edwin ?" 

" Yes, papa.*' 

" It really does seem Tery likely ; but there is 
also another eause of their being larger, and that is 
they get more nutriment from the earth by being so 
near the water. Perhaps the two eauses together 
may produee the effect of whieh you speak." 
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" Is earbonie aeid of any otter use in nature, 
besides snpporting yegetable life V* 

** Yes ; it is one of the great agents of nature in 
ehanging the physieal features of the globe^" 

"In what wayr* 

" I think I shall be able to make you understand 
it, by the following experiment. This glass is full 
of lime water." 

" What is lime .water ?" said Emily. 

*' It is distilled water, in whieh I have put some 
lime, and when it beeomes elear I poured it from the 
lime, and here it is. Now I take this lime water in 
whieh there are some partieles of lime, and blow in 
it through this tube. You now perceive that my 
breath has tumed the water to a milky eolour." 

** What is the eause of the ehange ?" said Edwin. 

** In the water whieh appeared elear and sparkling, 
there were small partieles of lime, and when I blew 
into the water I blew earbonie aeid, whieh immediately 
united with the lime, and formed small Aakes of 
ehalk. If you notiee it, you may see the small Aakes 
uniting together, and are sinking gradually to the 
bottom of the glass. 

** I understand the experiment,'* said Edwin, 
" but I eannot see how it ean alter the face of the 
globe." 

** I shall speak of that presently. By this expe- 
riment I wished to show you that earbonie aeid and 
lime have an affinity for eaeh other. I have before 
observed that water absorbs earbonie aeid ; now it so 
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happens that lime is one of tbe eonstitaents of the 
oeean ; thos yoa see when the lime and earbonie 
aeid meet together in the water, they nnite and fall 
to the bottom of the oeean, forming ehalk, limestone, 
marble, alabaster, and seyeral other different kinds 
stones and roeks. In the eonrse of ages, bj these 
means, large traets of the oeean are filled ap, and 
the waters are driyen to other parts.'* 

" It appears," said Emily ; " that not only are 
yegetables great pnritiers of the atmosphere, bot the 
oeean also assists in a great measare.*' 

"Yoa are right, Emily, and very earioas it 
appears when the elements of matter are deeomposed 
and are no longer of ase, the oeean forms a reeeptaele 
for them, keeping them as it were in a large store- 
hoase, till millions of years haye passed away, and 
they eome into ase again in the shape of roeks and 
stones of rarioas kinds. 

*' If we were to take a geologieal sarvey of 
England, I have no doabt that we shoald find that 
three-foarth8 of the roeks have been formed in this 
manner. Nearly the whole of the hills of England 
are eomposed of lime, earbonie aeid, sand, and a 
few other elements. Thas we may say that, had it 
not been for earbonie aeid, the island on whieh we 
live woald never have existed. 

" I do not think," said Edwin, *« that I elearly 
nnderstand how stone, &c., is formed." 

" Oommon building stone is formed of lime, ear- 
bonie aeid, and sand. The earbonio aeid was formed 
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on land, and was absorbed hj the ooean, where it 
united with the lime, fell to the bottom, beeame 
mixed with sand, and beeame ehemieally mdted, 
in the same manner as mortar, and, finallj, hard- 
ened by the tremendons pressore of the water aboye 
it." 

*' I reaUy feel," said Edwin, '^more smprise at 
eyery step we take in onr yiews of natare. How 
littledid I think before this eTening that the air I 
pollnted with breathing went to assist in bringing 
forests into existenoe for the nse of nnbom gene- 
rations, hmidreds of years to eome.'* 

" You are right, Edwin ; or it may help to t&rm 
roeks whieh may lie at the bottom of the oeean for 
millions of years, and then be heaved up, and fonn 
new islands, while those now in existence may lie 
many fathoms below the surTaee of the sea. Before 
we lay aside this interesting subject, let us try to 
traee a portion of earbonie aeid through the eourse 
it might pursue. Let us suppose that a portion of 
it is Aoating in the air ; it gets absorbed by an oak 
tree, where it may e^ist for fiye hundred years before 
the tree is eut down« It then gets into the hands of 
a builder and worked into some large building where 
it may last for three hundred years more; but in 
time oak will deeay, and the wood at length eomes 
to the fire, and our earbonio aeid is again free. Where 
will it now fly to ? Perhaps to a forest, and thus* 
take the same rotmd again ; or it may go to form a 
yegetable, whieh may be eaten by an ox, and thus it 

L 
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goes to fonn a part of it ; the oeean may absorb it, 
and it maj rest in nndistorbed repose for millions of 
years, but eren at tbe end of that time that partiele 
of earbon is not lost, bat is as perfect as on tbe day 
it was ereated. This is tbe vraj in wbieh natnre 
works ; to our minds it may appear slow, bnt it is 
nndeyiating. Thus nature roUs on the same round 
OYer and oyer again, the same elements forming the 
same materials through all the eountless ages in 
whieh the world has existed." 

" You said, papa, that we nse oxygcn when we 
breathe, what eflFect does that have upon us ?" 

" It may be ealled the mainspring of our Kyes; 
for it is upon tbat we partly depend for our bodily 
heat, healtb, and spirits. It is oxygen whieh assists 
to eonyert our food into blood, and sends it purified 
through our arteries and veins." 

** I have often observed,** said Edwin, " in very 
warm weather, how distasteful fat meat is to us, and 
how pleasant sueh things as piekles, vinegar, and 
salads are to us ; but I never oould understand the 
reason of it." 

**Your observations arejust, and the solving of 
the question depends whoUy upon the subject of 
whieh we are now speaking. In summer, when the 
weather is very warm, the air is more rarefied, or 
thinner, and consequently, when we breathe on a 
warm day we do not take in so mueh air as we do 
on a eold day, when the air is more dense. Thus 
you see when the weather is very warm we do not 
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get so mtieli oxygen into our system as we do in 
winter ; therefore we do not want so mueh earbon, or 
food, to mix with it. That is the reason we do not 
like fat meat in hot weather. It is a wise arrange- 
ment that we do not ; for, if we were to eat a quantity 
of fat meat, it would render us very dull and sleepy, 
our blood would soon beeome overcharged with ear- 
bon, and would produee faintness and death. On 
the other hand, let us suppose^there is as mueh 
oxygen in the air in summer as in winter, we should 
then have as mueh relish for fat meat in summer 
as in winter, and what would be the consequence ? 
What with the heat of the weather, and the heat 
engendered in our system, we should be so hot that 
we should be very miserable, if not delirious. With 
regard to the last part of your question, ooneeming 
our relish for salads, fruits, &c., in warm weather, 
it depends upon the heat of the weather. If it is 
very warm and we take in but little oxygen, we feel 
a desire to supply it by artificial means, and eonse- 
quently ^e^l desirous of partaking of those things 
whieh eontain it, as fruit, vinegar, piekles, &c. The 
food whieh we most relish in eold weather, as dif- 
ferent kinds of fat or earbon, we feel but little in- 
elination for in summer, unless it is aeeompanied 
with oxygen in some shape or another." 

*' I have often seen," said Edwin, " men stand 
with fruit for sale near to the large ironworks ; and 
if it has been a warm day I have notieed how eagerly 
the men purehase sour apples, gooseberries, or 
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oranges. I Buppose the reason o{ it depends npon 
their natnral orygen?*' 

''lt does; I haye often notioedthe same thing 
myself. The reason that these men haye sneh a 
reUsh for soar frait is, their workshops in snmmer 
are yery warm, and eonse^uently the air is yery rare, 
and they do not get so mueh oxygen as the system 
reqmre8, therefore they striye to get it artificially. 

I onoe heard a yery intelligent man say, who 
worked in an iron foandry, that he always drank a 
pint of yinegar in a day, diluted with water, and he 
eonsidered it one of the most reireshing drinks he 
eoald take. Another man, who was employed in a 
factory where there was a great amoont of heat, said 
that he belieyed, besides yinegar, he drank annually 
a gallon of yitriol. Sueh is the eraying whieh these 
men feel for oxygen, when a sufiOicient sapply eannot 
be obtained from the air they breathe.^' 

^' I haye heard, papa, that there are more oysters 
eaten in the eastem part of London in proportion, 
than in any other town in England. How is that 
aeoounted for ?" 

" Simply for the reasons aboye stated. People 
eat them with yinegar, whieh is to supply the want 
of natural oxygen. It is a wonderful fact, that the 
poorer and the more densely erowded the people 
^re, the more oysters they seem to eat.'* 

** How is it that we require more food in winter 
than in summer?'' 

** The ease is exactly the reyerse of what I have 
just stated. In winter, when the weather is eold, 



PH1L080PHY* 149 

the air is. Yery denBe, and coiiseqTieatly we take in 
more oxygeii eTe'ry time we breathe ; and tlie more- 
oxygen we take %. the more earbon, or food, we want 
to mix witb it. This aoeonnts for the fact tbat tbe 
eolder the weather the more food we want ; but we 
hare no desire for lettnees, radishes, or other salads, 
but something in whieh there is plenty of earbon." 

"I remember,." said Edwin, *'when I was in 
Cambridgeshire, they always told me to eat all I 
eould to keep the eold out. Do you think it really 
did?'* 

<* The food of whieh you partook did not keep the 
eold out of the system exactly as the farmer meant, 
but it eertainly assisted to produee a great amount 
of heat." 

"Is it," said Emily, **through our taking in so 
mueh oxygen and earbon that we are enabled to 
endure the eold ?" 

"Itis.'» 

" Then that solves a diABeulty," said Edwin, 
" that I eould not before get oyer." 

" What is that Edwin ?" 

" Do you remember our reading that man was a 
ereature of all elimates, that he eould endure the 
intense eold whieh would freeze quicksilver, and he 
oould also subsist under the buming sun in the 
torrid zone, where the heat is sometimes sufficient 
to boil spirits of wine." 

" Yes, I remember reading it perfectly well, and 
I am happy to hear that you now understand how 
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it is that man is able to liye in Bneh estremes of 
elimate." 

^' I do not think I nnderstand it," said Emily, 
" will yon be kind enongh to explain it to me ?" 

''After what has been said abont oxygen and 
earbon, I think that yon will hare little difficnltj in 
understanding this last qnestion. In those regions 
whieh in winter are intensely eold, man and other 
iinimals ean liTe and en^oy good health and spirits. 
Yon mnst remember the more intense the eold, the 
more dense is the air, and man takes in a larger 
snpply of oxygen, therefore hie reqmres a greater 
amount of earbon or food to mix with it. Now, 
Edwin, ean you tell me what the Esquimaux usually 
subsist upon during the winter ?" 

" The flesh of the seal, the blubber or fat of the 
whale, fish and train oil.'' 

'^ Yes ;. all these substanees eontain a great amount 
of fat. The natiyes of these regions, in times of 
seareity, have been known to eat their bedding, 
whieh is mostly of sealskin. It does not matter 
what kind of food is presented to them, if it does 
but eontain plenty of fat or earbon." 

** Sueh being the ease," said Emily, *' it matters 
not how oold the weather is, if we ean but get plenty 
of food; the eold itself assists us, as it were, to 
endure it." 

** It is so. Sueh is the wise provision of the 
Greator for his ereatures." 

** Another thing worthy of remark is, this food 
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wMeh is so palatable to tbe Greenlander and 
Esqaimaux is there foiind in the greatest abundanee. 
Yegetables to theniy as an artiele of food, wonld be 
of no real nse, and we find that the elimate will 
snppoTt but Tery few. We will now look at the 
natiyes of the torrid zone, and see how thej are 
adapted for the elimate in whieh they liye. In the 
first plaee what is their food? Wonld they eat 
with a reUsh a pieee of sears-flesh swimming in 
oil ? No, it would kill them. Then we must look 
for something whieh has not so mueh earbon in it. 
As the air', through the heat of the sun, is so rare, 
and they take in so little oxygen, we shall find that 
a diet in whieh there is but little earbon will suit 
them mueh better. Just sueh we find it ; riee, yege- 
tables and firuits, are the chief food of the people in 
the warmer regions of the globe ; and we find it is 
this produee whieh is most luxuriant in these warm 
regions of the globe." 

"I understand now," said Edwin, "how it is 
that man is a ereature of all elimates. It depends 
upon the air he breathes, and the food he eats, as 
well as the elpthes he wears." 

" Your reasoningy Edwin, is quite eorreet, and I 
am glad to hear that you are arriying at sueh just 
eonelusions." 
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eHAPTER XVm. 

AIB A VEHICLE 0F VAI»OUR. 

ETaporation — ^Taponr — ^What 1>eoome8 of the vapotuf when 
it aseends into tlie air — The way in whieh elonds sre 
fonned — ^What are elonds ? — F(^8 — ^The melting of fogp»— 
Why horses when hard driyen appear to steam in winter, 
and not in Enimmer — ^The nse of perspiration — ^Mist — Its 
eanses— >Why it does not fSdl npon roeks, roads, and gardsn 
paths— How rain is formed — Why hail seldom fiills in 
winter — How snow is formed — ^Why we never haye snow 
in enmmer — ^Why the atmoBphere is fiiller of elonds in 
winter than in snmmer — Why the atmosphere is mostly 
elear in &osty weather — The reason that showers moeUy 
eome firom the sonth-west — Why the wind blows for three- 
fonrths of the year from the sonth-weet — The trade winds 
— ^How vaponr is earried from the eqnator to the poles — 
Why is it eold when the wind is in the noith ? — Why we 
get deep snows in winter from the north-east^ — ^Warm winds 
from tiie sonth, and storms from the west. 

" We have seen, in our last two conversations, the 
use of the air in a meehanieal and ehemieal point of 
view, and how essential it is to the wants of every 
ereature. Now I wish to eall your attention to 
another use of the air, namely, its being a vehicle 
of vapourj whieh it earries from one part of the 
earth's surface to another ; but before I enter uppn 
the eubject, it will be neeessary to know something 
about evaporation." 
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*' Wliat is tlie meaning/' said Edwin, ** of evapo- 
ration." 

" It meaas the aet of eoiiTertiiig or turmng Amds 
into yapour." 

** What is yapour ? " said Emily. 

'^ The natural beat of water is about 42 degrees, 
and wbeneyer its temperaiture is raised aboye tbat 
point, it slowly tums into a tbin inyisible gas, wbieb 
is sometimes ealled steam, or wben it is pereeptible 
we eall it vapour. If you plaee a pan of water in 
tbe sun, it is dried up in a very sbort time ; tbat is, 
tbe beat of tbe sun bas tumed it into vapour." 

** How is tbis proeess earried on ?" said Edwin. 

** By tbe sun sbining upon tbe water, and warming 
tbe partieles of water on tbe surface, tbe partieles 
wbieb are aeted upon expand and b«come ligbter 
tban tbe air, and consequently aseend into tbe 
bigber regions wbere tbe air is more rare*" 

" Wbat beeomes of tbe vapour when it has as- 
eended into tbe air ?'' said Emily. 

^' Tbe bigber we aseend into the air the eolder it 
gets ; and when the vapour gets tf eertain heigbt the 
eold air absorbs the heat from the yapour, and thus 
the Yapour is again converted into watery matter, 
whieh is even tben lighter tban the air. Tbese par- 
tieles of watery matter are driven about in tbe 
atmosphere, eausing tbem to strike against eaeh 
otber ; and when tbat takes plaee they unite and 
form smaU Aaky-Hke substanees, something of tbe 
appearanee of snow, but mueb &ier ; they are eon- 
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tiniuilly driyen abont, and when a large ^nantity of 
them are eolleeted together, it is ealled a eloud." 

^' Is ihat the way eloads are formed ? *' said 
edwin. 

" It is." 

** How are they snpported in the air ? " 

'^ By the heat of the son, whieh eauses them to 
rise, and beeause they are lighter than the air.'* 

^' Ihen the elouds are nothing more than fogs high 
up in the air.*' 

" No ; but we do not eall them fogs, only when 
they toueh the ground." 

" Wben it is foggy weather, we are aetually 
among the elouds/' said Edwin. 

" Yes ; it is a eurious sight, and whieh I have 
ofben seen M4ien in the open Selds, to see one of 
these fogs melt into vapour. This is very eommon 
about September. In the moming, from 8ix o'eloek 
to nine or half-past, a heavy fog will lie upon 
the fields ; as soon as the sun begins to have a 
power, the fog gradually melts into vapour, break- 
ing into great masses, whieh gradually float up- 
wards, and quickly disappear, and not a traee of it 
isleft." 

" What is the eause of fog8 oftcn drawing along 
the ground, as it were ? " 

" That generally happens in the autumn or win- 
ter, when the sun has but little power, and eonse- 
quently has not sufficient warmth to melt the 
partieles of whieh it is eomposed into vapour ? *' 
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'^ I haye oAen heard that fog8 are more dense in 
London than in the eonntry ? '' 

" Yes ; mueh more so. In a large eity like Lon- 
don, when the streets get full and there is no wind, 
it eannot eseape ; and the conseqnence is that it 
keeps inereasing tiU a hreeze springs np and driyes 
it away." 

*' I haye often seen," said Edwin, " in winter, 
that, when horses haye been driyen fastly, when 
they stop they are all of a smoke, as it were. I 
neyer eould understand why they should do so in 
winter and not in summer." 

** I will tell you. Li winter, when a horse per- 
spires, the heat of the body eonyerts the perspiration 
into yapour, and the eold air tums it into what we 
eall steam. Li summer, when the weather is warm, 
the yapour goes off inyisible, beeause the air is not 
eold enough to eondense it." 

'^ Ib that not a yery remarkable eireumstanee ? " 

" In what way do you mean ?" 

" In this way : when a horse is yery warm, and 
perspires yery mueh, as the yapour goes away does it 
not take a great amount of heat from the animal ? ^' 

'^ It does. In fact, it is the moisture or sweat of 
the horse that earries away the heat. I do not 
know whether you haye eyer notieed the fact ; but if 
you haye been running, and sweating yery mueh, as 
soon as the perspiration is gone, you do not feel the 
ineonyenienee of the heat any longer, for the simple 
reason that as the perspiration disappeared it took 
the heat of your body with it." 
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'^ When I haye been eoming from sehool on a 
mrinter's afternoony I haye often notieed tke steam 
issue from my mouth and nose eyeiy time I breathe. 
What eanses that ? " 

'* The same as eanses the horse to steam. In 
snmmer jon do not pereeire the yaponr, beeanse the 
air is not eold enongh to eondense it into steam ; 
bnt in winter, when the air is eold, the yaponr £rom 
yonr nostrils eondenses, and that is whyyon see it.*' 

** What is mist? " said Emily. 

** Watery yapour, of a finer form than fog. You 
may generally see it on a snmmer^s eyening, after a 
yery warm day, partieularly oyer damp meadows." 

'^ I haye often seen it, but neyer eould understand 
the emaey^ said Edwin. 

** I will explain it to yon." 

** During 'the day the sun has been shining yery 
warm, and consequently eyaporation has been gedng 
on yery rapidly, and the earth has got heated. When 
the sun goes down, and the air begins to eool, the 
yapour whieh was eyaporated from the earth gets 
eondensed, and it is then we pereeiye it gently falling 
down to the earth. 

*' What is the eause of that ? " 

** Ydu may see it sometimes resting fiye or sis 
feet aboye the ground, and, if you notiee it, it gra- 
dually deseends. The reason is, the air near the 
surface of the earth is too warm to allow it to 
deseend — that is, the heat of the earth eauses it to 
turn' into steam again ; but as the heat of the gronnd 
deereases, it falls lower and lower till it tonehes the 
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earth, and in a yery short time the grass is damp 
with what we eall dew.^^ 

** I have ofben obserred, when I have been in the 
garden earl j in the morning, that all the shmbs and 
plants have been covered with dew, while the gravel 
path has been qmte dry. How ean we aoeount for 
that?" 

^'As soon as the snn is gone, the plants soon 
give ont their heat, and the dew or vaponr ean fall 
upoA them ; bat the gravel path attraets mueh more 
heat than plants, consequently it is longer in giving 
it out. Thus you see the dew, when it falls near the 
path, is again tumed into vapour. Here is a most 
remarkable dreumstanee. The dew would not be of 
any use on the gravel path, high road, or barren 
roeks, and the result is it does not fall there, but 
simply where it is most wanted — on plants." 

" How is rain formed, papa ? " 

"To answer that purpose we must again revert to 
the elouds. I told you they were large masses of 
vapour, driven about by the air. Now, as they are 
blown along, they strike against eaeh other ; in this 
manner they form small drops, whieh keep enlarging 
till the sun and the air ean no longer support them, 
and th6y fall, eolleeting, as they deseend, the mois- 
ture with whieh they meet in the air. There is one 
thing worthy of notiee in the falling of rain, and 
that is the lightness with whieh it falls ; although it 
often falls from the height of a mile, yet so lightly 
does it fall that not a leaf is injured.*' 
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^' If it falls 80 far I shoald baye thonght it wonld 
wonld haye eut the leayes to pieees.*' 

'<So it woald if it was not for the air, whieh 
breaks its fall. Eyen in this little fiEu;t we may see 
design, jet how little do we notioe the^e things. 
Well might the royal psalndst exclaim : — ' How 
wonderful are Thy ways, Lord of E[psts 1' '' 

" What is hail, papa ?" said Emily. 

^^ Hail is frozen rain. There are seyeral different 
opinions with regard to the formation of hail ; and, 
as far as I ean leam, none of them are yery elear 
npon the sabject. It is well known that the higher 
we aseend the eolder it gets. Now these drops of 
rain mast haye been formed higher than the freezing 
point, and in falling through a earrent of eold air 
haye been frozen. It is remarkable that they seldom 
fall except daring hot weather, and often the hotter 
the weather is the larger the hailstones." 

** How is that aeeoanted for ?" said Edwin ; " and 
I haye often notieed how eool the air generally is 
after a hailstorm.'* 

" The only way in whieh it ean be aeeoanted for, 
is in sammer the eloads from whieh the hail and 
rain proeeed are maeh higher, and therefore as the 
drops of rain haye saeh a great distanee to fall, they 
eolleet a larger amoant of moistare in their deseent 
than if they had only a short distanee to deseend. 
If it so happens that these large drops of rain get 
driyen by the winds into eold regions of the atmosphere 
and get frozen, then of eoarse the hailstones are large. 
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" The latter part of your questioii is easily solved. 
Hailstones, you must understand, are drops of water 
deprived of their heat; and therefore, as soon as they 
toueh the ground, they hegin to ahsorh the heat from 
the atmosphere, whieh in a very short time is sensibly 
eooler. Thus you see when hail i@ most wanted it 
falls in the greatest ahundanee.'' 

** Why is it that hail seldom falls in winter ?" 
" Beeause the heat of the sun is not sufficient to 
eanse the yapour to aseend into those regions of eold 
where the rain gets frozen.'* 

" Can you tell us, papa, how snow is formed?'* 
" That, too, is formed in the upper regions of the 
atmosphere. When the yapour is being driven along, 
it gets into regions where it is eondensed and frozen ; 
these little frozen partieles are driven along by the 
winds, and when they toueh eaeh other they unite ; 
they still inerease as they are driven about, till at 
last the snowAake is formed." 

" How is it that we never have snow in summer?" 
" Beeause, as snow is formed in the air, it gets 
melted before it reaohes the ground. I onee had 
some conversation with a gentleman who was in the 
habit of aseending in a balloon ; and he said that it 
was no uneommon thing to meet with snow, and on 
one oeeasion his ear and balloon was covered with it, 
although the weather was very hot on the ground." 

" How is it, said Emily, that inwinter the atmo- 
sphere is so eloudy and foggy to what it is in sum- 
mer ?" 
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'^The reason tliat the atmospbeTe is so fnll of 
moistore in tlie winter, is tfaat tlie snn does not 
giye snfficient beat to eonyert the moistnre in ihe 
atmosphere to yaponr." 

" I haye often obsenred, said Emily, that nearly 
always in winter, when the atmosphere is elear, we 
get a frost, and wheneyer the sky elears it is nearly 
always eolder ; how do yon aeeonnt for that ?" 

''ln winter, when there is a great amonnt of 
moistnre in the air, and the sky begins to elear, we 
at onee perceive it is mneh eolder. The reason for 
sky elearing is beeanse the yaponr in the air is 
freezing, and thns the atmosphere is more trans- 
parent." 

" I haye offcen obseryed, said Edwin, that showers 
and storms nearly always eome from the sonth-w^t, 
and that the wind blows from that qnarter for three 
parts of the year. I neyer eonld nnderstand the 
reason of that ?" 

" Yon haye started a rather difficnlt ^nestion, 
Edwin ; bnt I think I ean make yon understand it. In 
the first plaee yon must nnderstand that the world is 
ronnd, and that it tums npon its axis, and that the 
eqnator is hotter than any other part of the globe." 

" Yes, papa, we nnderstand that," said Emily. 

" Well, if yon ean understand that onr difficnlty 
will not, I trust, be so very great. Now let ns 
suppose that we are at or near the eqnator ; we shall 
iind the sun shining yery warm, and the air would 
be yery rare, and consequently would be always 
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aseending into tlie higber regions, and tlie dense or 
eold air would always be running in one eontinuous 
stream; this stream is ealled the trade winds. Now, 
Edwin, in what direetion do you suppose these 
winds would eome?" 

" I should think, by lookiug at the globe, that 
they would eome from the north and south/' 

" They would, if the earth was at rest; but you 
know that it is not at rest, but tums rapidly to the 
east from the west. But I do not see why that 
would alter the eourse of the trade winds ?" 

I will explain it to you. We must bear in mind 
that the earth is tuming round, and, if you examine 
this globe as I tum it round, you will see that it 
rotates at a mueh greater rate at the equator than at 
the poles. Now the plaee from whenee the trade 
winds eommenee their joumey towards the equator 
does not rotate so fast as when the stream of air gets 
nearer the equator ; and, as.the force whieh they had 
giyen to them at starting was not sufficient to eause 
them to rotate with the earth, were it tumed more 
rapidly, therefore they are left behind, and, instead of 
eoming from the north, they appear to eome from the 
north-east." 

" I think I understand you so far, said Edwin ; 
but what beeomes of these winds when they get to 
the equator?" 

** They get warmed, and aseend and return baek 
to the north by an upward eurrent. Now, just the 
reverse happens when they retum from the equator, 
where the earth rotates mueh more rapidly than 

M 
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nearer the poles ; bat the force tliat tHe earth giyes 
them at starting eanses them to moye with a greater 
rapidity than the earth, and the resdt is, the wind 
appears to eome from the sonth-west instead of the 
sonth, whieh it wonld do if the earth was at rest." 

*' I think I shall be able to nnderstand it, papa," 
said Edwin, '< with a little thinking ; bnt I did not 
think it had been so difficnlt to nnderstand." 

" Then I snppose," said Emily, " it is the winds 
whieh bring the showers with them, and that is the 
eanse why most of the rain eomes from that 
qnarter ?" 

'' It is ; and that is why the westem part of Eng- 
land is more humid than the eastem. This is a 
most wonderful proyision of the Oreator's. If the 
earth was at rest, and the trade winds eame direet 
from the north, would they haye a greater or less 
amount of spaee to trayel oyer than if they eame 
from the north-east ?" 

^^ They would haye the greatest distaneeto trayel 
by eoming from the north-east." 

" They would, and consequently they eool a 
mueh greater extent of the globe than if they eame 
direet from the north. When these winds get 
rarified, and take their Aight baek towards the 
north, they are not allowed to go empty ; bnt they 
haye to eoUeet all that yast amount of moisture that 
is eyaporated at these warm regions of the globe, 
and earry it baek in the shape of elouds to the eolder 
regions, where there is not so mueh eyaporation. 

** When the winds retum they do not go direet 
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towards tlie north, bat in a south-westerly diree- 
tion. In this way they trayerse as mneh of the 
globe as it is possible, eolleeting the moisture, as I 
before said, and earrying it baek to the northem 
regions, to make up for the loss that they are eon- 
stantly sustaining hj the great oeean eurrents.'' 

'' I haye read of the oeean eurrents, and haye 
often wondered what was their eause. I suppose 
that they are eaused ehieAy by the great eyaporation 
that is eonstantly going on at the equator ?'' 

'' You are right, Edwin; eyaporation is the 
primary eause, and, wonderfal as it may appear, 
eyery drop of water that flows in these eurrents is 
taken baek by the atmosphere in the form of yapour." 

<< G^iere is a saying that all riyers flow into the 
sea, and yet the sea is not full?" 

'^ You are right ; and the eause of it is, the water- 
irom the oeean is eontinually being earried away by 
eyaporation. Thus you see there are always streams 
of eold air and eold water eontinually Aowing towards 
the equator." 

<<If sueh were not the ease, the earth at the 
equator would beeome so heated, that it would be 
uninhabitable ; but, instead of that, how wisely and 
beautifully the laws are formed to eool and rendei* it 
fraitful) and the abode of thousands of happy erea* 
tures." 

^' I think you now understand pretty elearly if it 
were not for the air there would be nothing to 
eonyey the moisture £rom one part of the globe to 
another.'' 

H 2 
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^^ Does it not seem a wonderfiil fact," said Emilj, 
" tliat in all probability the showers tbat water onr 
gardens haye been bronglitfrom the eqnator for tliat 
pnrpose ?" 

** Sneh, mj ehildren, is the fact, and thns the 
great ronnd of natnre keeps going on." 

" I have," said Edwin, " heard people say, that 
when the wind has tnmed towards the north in 
winter, we are sure of eold weather. Why shonld it 
be eold when the wind blows from the north ?" 

*' Beeanse the winds eome from a eold region, and 
often bear with them elonds laden with snow, whieh 
attraets the heat from the air, and renders it eold. 
If ihe wind lies to the north-east, we generally get 
deep snows; in fact, I never remember one deep 
snow bnt eame from that qnarter.'' 

" How do yon aeeonnt for that?" 

'^ If yon examine a map of Enrope, yon will see 
that the winds whieh blow from the north-east mnst 
eros^ the frozen plains of Rnssia; thus, when the wind 
reaehes our shores, it is deprived of nearly all its heat. 
It is that whieh renders easterly winds so very eold and 
entting. Owing to the extreme eold of these winds, 
they earry with them great quantities of snow." 

" I have often obseryed that when the wind in 
winter ehanges from the north-east to the west, or 
south-west, it is sure to be warmer?" 

" Yes ; the winds thateome from the south eome 
from warm regions, and those from the west have to 
eross the Atlantie, and are, therefore, warmer than 
those that have to traveTse large distanees overland." 



/ 
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OHAPTER XIX. 

WATEB. 

Its general properties — Non-elastio — Lateral pressnre— Tlie 
taste of water — loe— Wliy iee is lighter than water — The 
eanse of water espanding when fi*ozen — The adyantage ot 
its expanding~Why water freeze8 near the banks of ponds 
first — Why springs and rivers appear to steam on a frosty 
moming — The reason of roeks, ehalk, earth, &c., enun- 
bling to pieees after a frost — ^Why some roeks and stones 
are not affected by frost — The eanse of water-pipes bnrst- 
ing in winter — ^Why some objects will swim in water when 
others will not — Specific gravity — How to find the speei- 
fic gravity of a body — ^Why iron boats and ships float npon 
the water — Why doors and windows are often difficnlt to 
open and shnt. 

** Papa, you have not told us about water, and I 
have a great number of questions to ask about it?" 

** And 80 have I," said Emily. " Water is sueh a 
eommon thing, I almost wonder we had not thought 
ofthatfirst." 

" I shall feel most happy in .giving you all the 
information I ean respeeting this invaluable fluid." 

**What are its general properties, papa?" said 
Edwin. 

" Water has weight. It exerts a pressure in all 
direetions equal to the pressure downwards. It is 
non-elastie. It tums solid at 82 degrees of heat, 
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and tnnis into Taponr at 212 degrees. It is eoloiir- 
less and tasteless.** 

'' What is meant by non-elastie, papa?*' said 
Edwin. 

<< In our eonyersation on air, I sliowed yon that 
air eonld be pressed into a spaee smaller than that 
whieli it usually oeeupies. Water eannot be eom- 
pressed. The spaee whieh it naturally oeeupies it 
oeeupies under ahnost any pressure that ean be put 
upon it." 

"I remember," saidEdwin, **bursting my water- 
6quirt, by stopping the nozel, and then striking the 
piston with a hammer. I thought the water would 
have driyen baek the piston in the same manner as 
the air in my popgun did ; but instead of that the 
squirt burst in two plaees." 

" Then I presume that you won't forget that 
water is ineompressible ?" 

" I haye often heard," said Edwin, " of lateral 
pressure. What is the meaning of the term ?" 

" It means the pressure whieh water exercises 
against the sides of the vessel whieh eontain it. 
There are many eurious experiments with whieh we 
might show the properties of water ; but, as that is 
not our partieular object at present, we shall omit 
them till another opportunity." 

'* There are two things you mentioned, papa, as 
the properties of water, whieh do not require any 
experiment." 

" What are they, Emily ?" 
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** Its being without eolour or taste." 

" Yes ; the fact of its being without taste is a 
yeiy remarkable property, and again shows us the 
wisdom of the Greator. If water had a taste, no 
matter how sweet or agreeable it might be to the 
palate, it would soon eauee us to feel a dislike to it. 
Now, when we feel thirsty, it is always pleasant to 
us, and when we have drank as mueh as nature 
requires we ean take no more without a yiolent 
effort. If a flavour had been given to it suiting our 
palates, we should often drink more than we really 
wanted ; while perhaps that peeuliar flavour, whieh 
was so agreeable to us, would be disagreeable to 
others. Through this wise arrangement of Provi- 
denee in not giving it a flavour, it is agreeable to 
the tastes and wants of the whole animal ereation. 
In this we eannot fail to see how strikingly manifest 
is the wisdom of the Greator, in adapting things to 
eaeh other. Even the fact of water being palatable 
to aU ereatures is enough to show that there is 
design in it. I do not hesitate to say that not one 
artificial beverage ean be found that is palatable 
to the whole of the animal world." 

" What is iee, papa ?" said Edwin. 

" lee is water deprived of a part of its latent heat. 
When the heat of the water is abstraeted by the 
eold air down to 32 degrees, it then tums solid, 
and we then eall it iee." 

" I have heard you say, papa, that all substanees 
expand by heat, and eontraet when deprived of it : 



168 EDwm mat's 

if sneh is the fact, iee onglit to be heayier tlian 
water." 

" You are qmte right in the first part of your 
assertion, and, at the first glanee, iee seems to be 
hearier than water, but water is an exception to this 
rale. The natural heat of water is about 42 degrees ; 
when it is heated beyond this, it gradually expandsy 
and if the whole body of water in a yessel eould be 
raised instantaneously to 212 degrees, it would in- 
stantly ehange into yapour or steam, but when the heat 
is redueed down to 32 degrees, it freezes, and as it 
freezes it expands, and thus it is Hghter than the 
water." 

" What eauses it to expand ?" 

** It is thought that when water is frozen it is 
crystallized, and erystals take up more room than 
the rourid partieles of whieh water is eomposed ? 

'* It seemsremarkable," said Edwin, **thatwater 
should be an exception to the general rule." 

" It is remarkable ; but even this was not without 
design." 

** In what way, papa ?" 

'^ Let us suppose that as soon as iee was formed 
it sunk to the bottom, as it would if it were heayier 
than water ; and, as water is a slow eonduetor of heat, 
if the pond or lake were deep it would lie for months 
before it eould be melted, and perhaps it would 
never be able to melt ; but you see the fact of its 
being lighter than the water eauses it to float on 
the surface, where it is again exposed to the sun 



PHILOSOPHT. 169 

and air, and is thas easily redaeed to water 
again.'' 

" I remember," said Emily, " as Edwin and I 
were eoming aeross tbe eommon, one irosty eyening, 
we saw a pool of water ja6t beginiling to freeze, and 
I remember it began on tbe ontside first. Wbat 
was tbe reason of tbat ?*' 

" We bave said tbat water is a slow eonduetor of 
beat ; it takes it in slowly, and it giyes it oat tbe 
same; tberefore tbe bank, or tbe eartb next tbe 
water, gaye out its beat before tbe water, or was 
redneed first to freezing point. Tbas tbe partieles 
of water nearest tbe bank freeze first, and tbe iee 
gradaally extends aeross tbe pond." 
- "I never saw tbe mill-stream frozen," said 
Edwin, '^bat many times tbe pond against tbe 
ebareb ; bow ean tbat be aeeonnted for 7" 

'^ Tbe pond is qaite still, and tbose partieles of 
water wbieb lie apon tbe top are soon deprived of 
tbeir beat, and are converted into iee ; wbile in a 
ranning stream none of tbe partieles are at rest, 
bat fresb partieles are eontinaally eoming to tbe 
sarface ; tbas, before tbey ean be deprived of tbeir 
beat, tbey are forced from tbe sarface, and otbers 
sapply tbeir plaees. Anotber tbing : tbe mill-stream 
is eonstantly being fed by several springs a few 
handred yards above tbe mill, so tbat tbere is a 
eonstant stream of warm water ranning into it.** 

'^ I bave seen tbe river appear to smoke on a 
frosty moming. Wbat is tbe eaase of tbat ?" • 

'^ Tbe reason is tbis : wben tbe water first eomes 



170 EDWm ]CAT*S 

ont of the earth in irosty weather it is warmer than 
the atmosphere, in factit is aboye 42 degrees of heat, 
and while in that state it throws off yapour, whieh, 
in smnmer-time, wonld be inyisible ; bnt, owing to 
the eold air, it is eondensed as soon as it rises ont 
of the water, and has the appearanee of steam." 

^' What is the eanse of earth, ehalk, and roeks, 
ermnbling to pieees after a frost ?*' 

'' The substanees whieh you haye mentioned all 
eontain water ; that is, they haye partieles of water 
in every part of them, whieh get frozen, and, as we 
have just been saying, water expands when it is 
frozen, — thus they eause numberless little rents and 
eraeks, and when the frost eeases and the pajticles 
of iee are again converted into water, whieh again 
eontraets to its usual spaee, the roeks, &c., then 
fall to pieees, beeause they have been split by the 
iee. 

** You may often see this illustrated in the ent- 
tings of railroads, partieularly in 8oft hills. Ghalk 
is very mueh affected by the frost." 

^' Some stones are not affected by the frost, as 
granite and marble.*' 

" You are right ; it is simply beeause they do not 
eontain sufficient moisture." 

"I suppose," said Emily, "that it was the 
expansion of whieh we have. been speaking that 
eaused our water pipes to burst last winter ? " 

*atwas." 

** How is it, papa," said Edwin, *'that some 
things will SYrim in the water, and others will not ? 
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If I tlirow a pin into the water it sinks immediately, 
but if I throw in a bloek of wood it swims. Will 
you be kind enough. to explain liow that is ? " 

" Your question depends upon what is ealled 
specific grayity. If you take a eubie foot of wood 
and a eubie foot of water, you wUl find on weighing 
the two the water will be the heayiest ; that is to 
say, water is heayier than wood bulk for bulk, and 
all substanees whieh are lighter than water will 
swim, while those whieh are heayier will sink. K 
you take a eubie foot of iron and a eubie foot of 
water, you will find that the iron is more than seven 
times heayier than the water, and all substanees 
whieh are heavier than an equal amount of water 
will sink." 

'^ Then I suppose we may take it as a rule that 
all substanees whieh swim on water are lighter than 
a quantity of water of their bulk, and all substanees 
that sink are heayier.*' 

" Yes'; I will give you a list of the specific gra- 
yities of some of the eommon objects,. as it may be 
of use to you for a reference another day." 

TABLE 0F SPEGiriO GRAVITIES. 



Distmed Water . . 1-000 
Sea Water .... 1'026 

Platma 20*000 

Gold 17-48« 

OnieksaTer . . . 15'568 

Lead 11*352 

Saver 10*391 



Brass 8*396 

Oopper 7-988 

Lron (bar) .... 7*788 

Iron (east) . . . 7*607 

Tdne 7-191 

ElintGlass . . . 3*290 

Marble 2*700 
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Ivory 1-825 

Coal 1*250 

Oil -940 

Oak -931 

Aah • -800 



Maple '754 

Elm -600 

Fir -550 

Cork -240 



" How is the specific gravity of a body found?" 
said Edwin. 

" The eommon way of doing it is, first to weigh the 
object in air, and then in water, where it will weigh 
less ; find the di^erenee, and diyide the weight in air 
by it. I will give you an illustration : suppose you 
take this pieee of silver, whieh weighs 159 grains 
in the air ; now we will weigh it in the water, and we 
shall find that it weighs only 144 grains ; therefore it 
has lost 15 grains. Nowwe shall have to divide 159 
(the weight in the air) by 15, and we shall find the 
answer about 10J, whieh is the specific gravity of 
silYer." 

"Are we to understand that the silver weighs 
lO^ times more than a quantity of water equal to its 
size ?" 

'' Yes." 

" I think I understand the subject so far ; but I 
eannot understand how iron boats and ships are 
made to float on water ?'* 

** Iron ships are now getting more eommon thau 
wooden ones ; in fact nearly all steam vessels are 
now built of iron. The prineiple is easy enough to 
understand. You see this pan, whieh is of iron. I 
put it into the water, and it swims. The reason is 



PHIL080PHY. 173 

tliis : Yon see the edges are tumed up about an 
ineh ; therefore, before it sinks it must displaee nearly 
as mueh water as it Yrill hold. That is, before it will 
sink it must displaee a weight of watei: equal to the 
weight of the quantity whieh it. will hold. It is the 
same with iron ships ; they must displaee a weight of 
water nearly equal to the weight of the quantity 
whieh they would eontain." 

^' Is that the way they find the tonnage of yes- 
sels r 

** I will give you an illustration. Let us suppose 
a yessel eapable of earrying two hundred tons ; she 
must displaee (if she is built of iron) between two 
and three hundred tons of water; but if she was 
built of wood, she would be able to earry a heayier 
weight, beeause the specific grayity of wood is lesa 
than water." 

" I never eould understand before how iron.eould 
be made to swim,'* said Edwin. 

"Do you remember our feat, Edwin, with the 
brewing tub?" said Emily. 

"Howwasthat, Emily?" 

" Well, papa, it was very silly of us. One of the 
tubs was put into the pond, and Edwin said he 
would have a ride in it ; so he got in, and it did not 
sink near half-way down into the water ; and you 
know, as there was no danger, he persuaded me to 
get in also. We rode about for a little while, and 
Edwin would have the gardener's little boy get in. 
Ju8t as he got in the water began to flow over the 
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top, and it was full in a minnte, and there we were 
np to onr middle in water.*' 

"Now I liope yon will be able to tell me why 
the tnb sank with tbree of yon in it 7" 

^' Yes, papa, it was beeause we three weigbed 
more tban tbe water wbieb tbe tnb wonld eontain." 

''^ I bope yon baye leamed sometbing by ybnr 
disaster." 

"I baye often seen tbe gardener, wben be is 
going to nse tbe wooden tnbs, put tbem in water 
tbe nigbt before. Wby does be do tbat ?*' 

^' All porous snbstanees, in tbeir natnral state, 
eontain more 'or less moisture, and wben yessels 
baye been plaeed in a dry atmospbere tbis moisture 
is absorbed, consequently tbe wood is said to sbrink ; 
bnt, as soon as tbey are plaoed iil water, tbe wood 
again absorbs moisture, wbieb eauses tbe wood to 
swell, and tbus to keep tbe liquorfrom eseaping." 

'' Is tbat tbe eause wby doors and windows are so 
difficult to sbut?'' said Emily. 

'^ It is. In damp weatber tbe wood absorbs 
moisture and swells, and tbns tbe difficulty of wbieh 
yon speak." 
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OHAPTER XX. 

AKIllAL LIFE. 

Of wli&t is an anixnal oomposed — YoiuigammalB : their growth : 
proper proportioiiB — The wisdom displayed in the growth 
of an animal — Hnnger — Thirst — Preseryation — Fear — 
Pain — Its UseB — The adaptation of a.mmalB to the state in 
whieh they live — The peeoliaritieB of a Bwan — The owl— 
* ItB beantiM adaptation to the life it leads — ItB eyes. 

" Papa, as were going down the path to-day that 
leads to the riyer, we saw a dead animal all eoyered 
with flies and inseets, and neither Edwin nor I eonld 
tell why it was so. "Will you be kind enough to tell 
me a little about the deeay of animals ? 

^' With pleasure. In fact, it was one of those 
subjects that I intended to bring under your notiee, 
eren if you had not mentioned it. The deeay of 
animal matter is a most wonderfdl work, and fills 
the mindwith astonishment when we reflect upon it. 
Before we speak of the deeomposition of animal 
matter, we will first see of what an animal is eom- 
posed, and we shaU find that wonderfnl eompound, 
"whieh we eall an animal, is made up with about 
eight substanees." 

'< What are those substanees, papa?" said Edwin. 

'' Oxygen, hydrogen, earbon, nitrogen, lime, salt. 
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a small qnantitj of ammonia, and phospborns. It 
seems a most wonderM fact, tliat every living erea- 
tnre npon the earth^s Bnrface, from the smallest 
animal to tlie largest whale that swims the deep, 
are ehemieal eombinations of these few elements." 

'' Is it the same, papa, in both yonng and old 
animals?'' 

'' Yes ; if we take an animal in its earliest stage 
of existence we shall find that Natnre has giyen 
it nearly'the same elements whieh are to be fonnd in 
the parent animal. As the ereatnre adyanees in age, 
Natnre has so arranged it, that eyery honr it liyes, 
np to a eertain age, keeps adding to eyery part of 
the ereatare. Not a little wisdom is displayed in the 
fact that all parts grow, or elements are added to the 
animal in their proper proportion ; jnst enough, and 
no more. The bones take jnst suAieient lime and 
earbon to harden and strengthen them, and keep 
them in the right proportion with the rest. The 
limbs, head, and other parts, are likewise admin- 
istered to in the same manner. Not an atom too 
mneh or too Kttle is added to either, bnt just snffi- 
eient is added to keep the animal in its proper 
proportions. The animal has no power whateyer to 
alter these arrangements. It eannot add or take 
from of its own aeeord. Then whenee the wisdom 
that planned this wonderful ehemieal eombination ? 
The most nnthinking must at onee see that those 
laws whieh produee sueh wonder^al results mnst 
have had a divine origin. What are man's inven- 
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tions eompared to sneli as these ? Man, with all liis 
boasted powers, ean only work npon those laws 
wliieli God lias planned and made ready for him. 
Man ean by a. eombination of matter make a 
maehine, whieh soon wears out : animals, whieh are 
God*s work, have not only the power in themselves 
to keep in motion and activity, but they have the 
power of propagating their speeies,. and thus pro- 
dueing others of the same nkture. Then again, an 
animal has laws given it for its own preservation. 
When it is hungry it feels pain, and henee the desire 
for food, whieh, if not eomplied with, the pain in- 
ereases till it urges the animal to take faod. When 
moisture is wanted an unpleasant sensation is felt, 
whieh keeps on inereasing till the animal supplies 
the want. Another most eurious arrangement is 
the eare whieh an animal takes of itself in ease 
of danger. Nearly all animals at the approaeh of 
danger will get out of the way ; but if it eannot get 
away it will tum and fight. In nearly all animals is 
implanted the idea of fear. Another thing whieh 
may eause animals to proteet themselves from 
injury is, if they are struek, or otherwise injured, 
they feel an unpleasant sensation whieh we eall pain. 
No doubt the animal takes eare of itself to avoid 
pain. Another eurious fact is, that those nerve8 
whieh are the most sensible of pain He just under 
the skin. Thus, if it was not for pain, we should 
often injure our bodies and not know it : thus you 
see that, whenever anything is wrong with the body, 



178 EDWIN MAT'b 

it eanses pain to tbe animal, and wams it thait 
sometbing is wrong." 

'' Do yon think, papa, that we do not injure onr- 
selyes, not so mneh from the fear of doing so, as 
from the pain we shall suffer ?*' 

" I do. If I were to tell yon to stiek the point of 
yonr knife into jonr hand yoa wonld hesitate to do 
80 : why ?" 

*'^Because it would hurt me." 
'^ Exactly ; you would not do it beeause yon are 
afraid of the pain whieh would ensue. Then what is 
it that proteets you from injuring yourself ?" 
*' Pain." 

'^ Oertainly. I haye heard doetors say that when 
it has been neeessary to amputate a diseased limb, 
when the patient has been told that the operation 
is neeessary, in nine eases out of ten they haye 
asked if it would be very painfal. Thus, you see, 
were it not for pain we should haye no proteetion 
to keep us from harm." 

" I have often notieed," said Edtnn, ** how won- 
derfcilly animals are adapted for the eondition or 
state of life in whieh they are to pass their lives." 

" You are right, Edyrin; nothing more elearly 
shows the wisdom of the Greator than the adaptation 
of animals. Did you evernotice a swan, how beau- 
tifally it is adapted for the element in whieh it is 
to pass its lifeT'' 

'* I do not know that I have partieularly obseryed 
it ; but is there anything peeuliar about it ?" 
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*' Do you know what the food of a swan is ?'* 

^' I should suppose small tish, frogs, and other 
things found in the water." 

'^ You are right ; and, as the water whieh they 
frequent is often of eonsiderahle depth, nature has 
given it a long flexible neek, whieh it ean expand from 
two feet in length to four, or four feet and a half. 
Now on the top of this beautiM neek is plaeed a 
head ; not a big heayy mass of matter whieh would 
haye weighed it down, but a small, light, and beautifiil 
head, whieh the bird ean easily and gracefully eariy. 
How was it that a head as large as a pig's or a 
horse's had not been giyen to it ? Simply beeause 
nature gires to all animals just those proportions 
that are neeessary for their happiness and eondition 
in life. Then look at its bill ; you see it is just 
adapted for the purpose for whieh it is wanted — 
groping in the mud for inseets, worms, &c. If it 
had got a short strong beak, like a hen, the Hrd 
would perish for want, as it would be unable to 
proeure its food." 

'' Then, papa, look at its eyes; they are not 
plaeed in front of its head as ours are ?'' 

'' No, my son ; and eyen in the plaeing of its eyes 
we eannot fail to see design." 

" In what way ?" said Emily. 

<< When the swan is swimming in the water, where 
it is most likely that danger would appear?" 

" On the banks of the riyer ?" 

'' Yes, it might appear on either side at the same 

k2 
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time ; and if yon notiee the eyes of a swan, or other 
water fowl, you will find the eyes so plaeed in its 
liead that it ean see withont any ineonyenienee both 
banks at the same time. If it apprehends danger 
from any other qnarter, it has only to tum its head, 
and it ean see both before and behind at the same 
time. Thus you see how beautiMly nature has 
proyided it with means for its preservation. Another 
eurious peeuliarity about the swan is, — ^if there is 
danger to be apprehended, and it eannot *get away 
with sufBcient speed, it has the power of raising its 
wings into sueh a form as to «^orm two sails ; thus, 
if the wind is blowing it ean swim with mueh greater 
rapidity." 

'^ I saw a large white owl last night, papa, sitting 
on a tree near a large wheat staek. I haye read that 
these birds seldom appear in the day, unless dis- 
turbed. How do you aeeount for it ?" 

" There is another eurious fact in nature. Can 
you tell me what the owl feeds upon ?'* 

" I have read miee.'' 

" You are right ; and when do miee eome out of 
theirholes?" 

" In the evening ; we seldom see them at any other 
time." 

" You are right; and, as miee only feed in the 
eyening and early moming, the owl's. eyes are so 
adapted that it ean see very well in the faintest 
twilight." 

^' I never eould understand how that is ?" 
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" If you look at a rabbit's eyes, wbieli are very 
mueli like an owPs, you will see tbat they are yery 
large and round, and eoUeet all the rays of light that 
falls upon them, whieh enables them to see yery well, 
even when to us it is nearly dark.'* 

" Why is it, papa, that they are unable to see in 
the day ?" 

** Simply beeause their eyes are dazzled with the 
light, so that they eannot see. In these facts we ean 
see design. If the eyes of the owl had been sueh as 
were only adapted for daylight, it must have perished 
for t)ie want of food, as it eould not see to eateh its 
prey in the dark." 
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OHAPTEB XXL 

DBGAT. 

Deoomposition — ^lts wonden — The elements prey npon eaeh 
other — Gas generated — ^lts nses in deeomposition — Gar- 
bonie aeid — ^Attraetion of birds and inseets to dead 
aniTnalw — ^TIie Aesh fly — ^The Toraeity of maggots — How 
they are preseryed — ^Waspe — Birds — The bones — ^Their 
eomposition — Oxygen the great bnilder and destroyet of 
animal and yegetable snbstanees. 

** Wb shall this evening relate a few facts on the 
subject of deeay, or deeomposition." 

** Wliat is meant, papa, by deeomposition ?" 

** We liave another word in the language whieh 
will answer our purpose equally as well, and that is 
rotting. If we say a thing is rotting, it is then in a 
state of deeomposition. It is a most wonderful fact, 
and fills the mind of thinking persons with astonish- 
ment, that no sooner does an animal or vegetable 
eease to exist, but all the. elements of whieh it is 
eomposed seem at onee to begin to prey upon it. 
Let us suppose that an animal has gone through the 
eourse of its existence ; and wonderful is the proeess 
whieh then takes plaee.*' 

" I often wonder, papa, what death is," said 
Emily. 

" Death to animals is the stopping of the vital 
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system. Some part gets worn, or out of its proper 
plaoe, some stoppage takes plaee, and thus the 
whole system stops, and we say the animal is dead. 
No sooner is the animal dead, than, as if these 
elements seemed to know that their presenee is no 
longer needed, and it is their duty to haste away 
as soon as possible, they enter into some new forms 
and shapes.'* 

" Can you tell us, papa, how that is ?" 

'' As soon as life is gone, the gastrie juices that 
are found in the stomaeh and intestines, as if out of 
wantonness, begin to pull to pieees what they haye 
for years been building up. These juices immediately 
begin to prey upou the stomaeh and intestines, 
forming, as they proeeed, a kind of gas or air, ealled 
by ehemists earburetted hydrogen, whieh has a most 
disagreeable odour.*' 

" Is it that gas whieh we perceive when animals 
are deeaying?" 

'' Yes." 

^' I eannot see the use of that gas, papa, although 
I have no doubt it is of some use.^' 

" You are right ; it is of great use, as I shall show 
you presently. This gas, as it generates, swells out 
the body, till at length it bursts, and admits the 
oxygen of the air, and then the body is soon gone. 
The oxygen unites with the earbon, and Aies away in 
the shape of earbonie aeid ; whieh, as you are aware, 
goes off to feed the trees, or to form new roeks at 
the bottom of the oeean. Now this gas, whieh is 
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80 nnpleasant to ns, attraets myriads of inseets and 
birds, whieh prey npon the body as long as it lasts. 
One of the most important of these flesh-eaters is the 
larya of the horse-fly." 

** I thonght that the flesh-fly lived npon flesh," 
said Edwin. * 

'* No. Its food is &mt, and sweet snbstanees 
that eome in its way." 

" Then why are they ealled fle8h-flies?" 

** Simply beeause they deposit their young in the 
flesh of dead animals, whieh, if the weather is warm, 
soon show signs of life, and in a few hours eat their 
way into the flesh, whieh serves them both for food 
and shelter. It is surprising what a yast amount 
of flesh these maggots ean eat. Wishing to aseertain 
the amount of food that they eonsumed, I onee eut 
a pieee of meat, and put it where no other flies 
eould reaeh. The pieoe with the maggots weighed 
three ounees when I eut it out, and at the end of a 
week the meat had wasted nearly half-an-ounce, 
and upon weighing the maggots, I found that they 
had eonsumed more than double their own weight. 

** What beeomes of these maggots when all the 
flesh is eaten. They eannot fly to another earease ?'* 

" You are right, and yet Ihey are provided for by 
the great Greator.*' 

*' In what way, papa ?" 

** As soon as they arrive at full growth, they 
eease to feed, and fall off the animal, and appear as 
if they were dead. Their white skin tums brown, 
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and tliey fall to the eartli and lie hid in tlie long 
grass, where tliey remain till tlie following summer, 
when they burst the brown skin that covers them, 
and eome forth a perfect fly.'* 

Are there any other flesh-eaters besides these 
maggots ?" 

" Yes, wasps : they will soon earry away large 
quantities, and destroy a vast quantity of the maggots 
whieh surround a dead animal. Birds are attraeted 
by the smell of a dead eareass, and feed upon the 
maggots. In this way the animal is soon gone; 
and where is it gone ? The earbon, as I before said, 
goes off in the shape of earbonie aeid, and no sooner 
is it set free than millions of plants are ready to 
take it in ; thus, no sooner has it passed from the 
animal than it direetly passes into new forms, ereating 
new life and animation. When the earbon is set 
free by the oxygen, the nitrogen and hydrogen are 
set £ree at the same time into the atmosphere, and 
the hydrogefn is again transformed into water from 
whenee it eame. In a few weeks, the body of the 
animal, with all its wondrous eombinations, and 
whioh had been years in building, is gone, and all 
that we have left is the bones." 

" What are bones, papa ?" said Edwin. 

'^ Bones are eomposed of earbon, lime, and 
phosphorus. If a bone is bumt, the first thing 
that goes ofir is the phosphorus, and the earbon and 
lime are left. If it is then ground into dust, we have 
what is ealled lamp-blaek, or animal ehareoal, whieh 
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is 80 e&tensiyely used in the maiLTifactiire of blaeking. 
Bam the earbon stUl farther, and the.o^ygen takes 
away the earbon, and we haye a white ash left, 
whieh is lime, whieh mnst fall to the earth before it 
ean form new elements.'* 

*^ Oxjgen seems to be a great bnsybody in de- 
eomposition,'* said Edwin. 

" It is. It is fonnd eyeiywhere, and seems to be 
appointed by the Greator to assist in building np 
and pnlling down. A plant eould not exist without 
oxygen earried the earbon to it, neither eould a plant 
or animal deeay without it. No sooner is life extinct 
from an animal, than the oxygen immediately rushes 
as it were to set the elements free, and bear those 
elements that eannot trayel themselyes to new duties. 
It is a eurious fact ; but if it were not for oxygen, 
we eould not exist ; and if it were not for oxygen, 
we eould not deeay when life was extinct. There is 
not an animal or yegetable but it helps to deeom- 
pose ; every metal eaeeept gold is destroyed by it. 
Take a pieee of iron, and lay it in the air, aud in a 
short time its surface is eoyered with rust ; the rust 
is a eombination of iron and oxygen, and ealled by 
ehemists, oxide of iron. Oxygen is a most useful 
element, and is found in the greatest abundanee, 
and in every yariety of animal and y^getable 
substanees.*' 
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OHAPTER XXII. 



GRAVITATION. 



The meaning of gravitafcioii—Why we are tired when we walk 
long distanees — Why it is more dLfficTilt to walk np-hill 
than along the level gronnd — ^The nse of gravitation — The 
seale beam — ^The water-mill — Why water seeks its level — 
The pendiilnm — Capillary attraetion — Its' uses in natnre 
— Attraetion of eohesion — Its nses — ConclnBion. 

" I HOPB you 8uffered no ineonyenienee from your 
long walk yesterday." 

" No, indeed, papa ; I never enjoyed anything 
more in my life. The view from the top of the hill 
was most delightful.'* 

" Yes, it is a lovely spot, and that is why I 
wished very mueh that you should see it." 

" But where is Edwin this morning ?" 

" I am here," said Edwin, entering the room. 

" How did you enjoy yourself yesterday ? I hope 
you do not feel tired." 

" No papa, not now, thank you ; hut I was very 
tired yesterday when I arrived at the top of the hill. 
Now papa, will you tell me what it was that made 
me tired when we were aseending the hill ? " 

" That question involve8 a new seienee, whieh we 
have not yet touehed upon ; hut, if you will have a 
little patienee, I will explain it to you. It is ealled 
the attraetion of gravitation.*' 
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** Wliat is tlie meaning of those terms ?" 

^^ Attraetion means drawing or pulling, and 
grayitation means weight. That is to say, there is 
a power exercised between the earth and us, and the 
result of those two powers is to keep us upon the 
earth's surface. This power seems to aet from the 
eentre of the earth, and therefore every object i;pon 
the earth's surface has an inelination to go to that 
point. It is this inelination that keeps eyery object 
upon the face of the earth/' 

'^ I feel no power aeting uponmethat I am aware 
of," said Edwin. 

** Did you not say that you felt tired yester- 
day ?" 

'' Yes, papa ; but I was not aware that it was the 
power of grayitation that made me tired." 

** I will give you a further explanation of this." 

" You remember our reading that delightful book 
ealled * Evenings at Home?' ** 

" Yes, papa ; I put it in the library a few days 
ago. ShaU I fetch it ?" 

*' Yes ; and we shall find there a better explana- 
tion than I am able to give you. You will find it on 
the 228th page.*' 

**ShallIreadit, papa?" 

" If you please." 

'^ ^ Sir Isaae Newton, after deep meditation, dis- 
covered that there was a law in nature ealled attrae- 
tion, by virtue of whieh every partiele of matter, 
that is, eyerything of whieh the world is eomposed, 
draws towards it every other partiele of matter, with 
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I . '. . . 

h force proportioned to its size and distanee. Lay 
two marbles upon the table. They have a tendeney 
to eome together, and they would do so if there were 
nothing else in the room; but they are also 
attraeted by the table, by the ground, and eyery 
thing else in the room, and these ditiTerent attrae- 
tions pull against eaeh other. Now the globe or 
the earth is a prodigious mass of matter, to whieh 
nothing near it ean bear any eomparison. It draws, 
therefore, with mighty force everything within its 
reaeh ; whieh is the oause of everything having a 
tendeney to fall ; and this is ealled the gravitation 
of bodies, or that whieh gives them weight. When 
I lift up anything, I aet eontrary to this force ; for 
whieh reason it seems heavy to me, and the heavier 
the more matter it eontains, sinee that inereases the 
attraetion of the earth for it.' " 

" Thank you, Emily ; you have read it very 
nieely." 

" I think I understand you now, papa," said 
Edwin ; ** the earth has a power of attraeting every 
object. If I drop this penny, the reason that it falls 
to the earth is, there is a mutual attraetion between 
the earth and the penny ?" 

" You are quite eorreet.** 

" I suppose," said Emily, " if there is a mutual 
attraetion between them, the reason of the penny 
iiEiIling to the earth is, the earth has the greatest 
power of attraetion ?" 

'' Yes, the earth is larger than any object that 



190 EDWIK HAT's 

can be plaeed npon it, and con8eqnentlj erery object 
mnst be attraeted hj it.'^ 

^' When Emily was reading, she said, that if two 
marbles were plaeed near eaeh other, thej wonld 
attraet eaeh other if there were nothing else to pre- 
yent them. How ean that be prored ?" 

'^ It is a remarkable fact, and one whieh I hare 
no doubt yon have offcen notieed. In large towns, 
where there are a- great nnmber of high buildings, 
often in narrow lanes, these buildings often seem as 
if they had a tendeney to eome together, in fact sneh 
would be the ease if thej did not put large beams of 
wood to prerent them.*' 

^' Is that beeause they attraet eaeh other?" 

'' Yes ; and it is upon the same prineiple that the 
marbles in the room wonld eome together. I re- 
me'mber a yery striking instanee of this kind taking 
plaee between two parallel railway bridges : one 
bridge had been built about six years, and they were 
ereeting another of briek about four feet distanee 
from it. I told the elerk of the works what was 
likely to be the result, but he seemed to think yery 
Hghtly of the mattei^. The bridge was finished, and 
the most eritieal arehiteet eould not point out a 
defect in it. About a week after it was finished, I 
saw some workmen putting large beams of wood 
between the two to preyent the eatastrophe I had 
predieted. I hope yon now understandwhatismeant 
by grayitation ?" 

" Yes, papa," said Edwin. 
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*' Now we ean go baek to your question, why 
you were tired with walking yesterday ?" 

^' As all object8 are attraeted by the eartb, tliey 
haye all an inelination to remain at rest, and, if not 
put into motion by their own or some other power, 
would remain at rest for ever. When we attempt 
to walk we have this power to overcome, ^nd we 
must always keep up a force to eounteraet the one 
that is striviDg to bring us to rest, and the keeping 
up of this force exhaust3 our strength, and give8 us 
the feeling whieh we eall * tired.' " 

" I have often notieed, and partieularly yesterday, 
that we ean always walk better on the level than we 
ean up a hill?" 

" Yes, that is very evident ; in the first ease we 
have but one power to overcome, but in the seeond 
there is a two-fold power to overcome. When you 
are walking along a level BUrface, you have only 
to exert yourself against the power whieh is striving 
to bring you to rest ; but in the last ease you have 
not only to overcome the power whieh is bringing 
you to rest, but also the power whieh the earth 
exerts upon you in consequence of your going fur- 
ther from the point of gravitation, namely the eentre 
oftheearth." 

" I do not think I perfectly understandyou," said 
Edwin. " Do you mean that every step I advance 
up a hill, I have to lifb my body against the powep 
of gravitation ?" 
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^' Tes ; and tliat is tlie eanse of the fatigae yon 
felt yesterday." 

** Yoa said tlie otber eyening, papa, tbat all the 
laws of natnre were given for good and wise pnr- 
poses. I do not see tlie nse of this law, wliieh 
appears to hinder ns in erery way : we eannot walk, 
bnt we feel tired ; we eannot work, bnt we have this 
power dragging npon ns; we eannot rnn, bnt it 
hinders ns; in fact I eannot see any good in it 
at aU ?" 

" What I said, Emily, regarding all laws being 
sent for a good and wise pnrpose, I see no reason 
yet to retraet. You speak, my ehild, withont think- 
ing. Let ns examine the snbject for a few minntes, 
and I think yon will then ehange yonr mind. Let 
us snppose that you had got your wish ?" 

" Yes ; and I eould then run about the whole day 
and not be the least tired.'* 

" Not so fast ; I do not think you would be able 
to run at all : as for jumping you might jump as high 
as the highest mountain?*' 

** That would be niee, and how pleasant it would 
be to eome gently down again; and besides, we 
should not have the trouble of toiling step by step 
up a long hill, but give a spring, and we should be 
at the top by the time we eould walk ten steps." 

" Stop, Emily," said Mr. May. " I told you that 
you eould jump from the earth's surface, but I 
never said a word about your eoming gently down 
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again ; in fact, wben you took joxa leap, yon wonld 
keep on moying trom the earth^s snrface just as fast 
as when you started." 

" But where should I go, papa 7" 

* * I eannot say ; but I suppose you would go on 
for eyer, or till you eame in eontaet with some 
planet, or eomet." 

" But why eould I not retum to the earth's sur- 
face?" 

" Beeause you have exerted a power whieh pro- 
pels you from it, and you have no power to hinder 
your Aight, and of eourse no power to bring you 
baek. As for working, there would be no sueh 
ihing, no man eould exert a force sufficient to do 
any thing, a hammer would fall with the same weight 
as a feather ; in fact, no power would be required, a 
man eould earry a steam engine if there were sueh a 
thing. There would be no sueh thing as weight, 
and a ehild's hand eould lift a roek that now weighs 
twenty tons. If the law of gravitation were annihi- 
lated, all objects would leave the earth's surface, 
and the earth itself would fly into unknown regions 
of spaee. The air we breathe, the waters of the 
oeean, and every living animal would be hurled into 
spaee, and fall to atoms.'' 

*' I am surprised at what you say, papa. How 
foolish it was of me to say what I did I but I said it 
without thinking." 

" Yes, Emily. I know you spoke without think- 
ing, but I hope it will be a lesson for the futnre.'* 

o 
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'' Has man," said Edwin, '^ taken adrantage of 
this law for any of his pnrposes ?*' 

^' Yes, lie is obliged to take adyantage of it. A 
mason eannot set np a building without attending to 
tbis law. He knows by experience that if its weight 
was not in the eentre of attraetion, the earth wonld 
puU it to the ground, therefore he has to build it in 
6uch a manner that it is not attraeted only from the 
spaee npon whieh it stands. The seale beam is also 
npon this prineiple; if you notiee, it is exactly 
balaneed ; and if a pound weight is put at one end, 
the earth immediately attraets it, and eonseguently 
it requires a pound weight at the other end to equal 
the grayitation of the other. A water mill is upon 
the same prineiple. It is the attraetion of grayita- 
tion that eauses water to flow." 

"I thought," said Emily, " that it was one of 
the laws of Auids to find their own level." 

^* So it is ; but grayitation is the eause of the law. 
The water would be quite eontent to remain station- 
ary if there were nothing to draw it down the bed of 
the riyer. In this fact alone we eannot fail to traee 
the wonder-working hand of an Almighty Greator. 
If water was not drawn down the riyers by the influ- 
enee of grayitation, instead of giying life and yigour 
to thousands of thirsty animals, it would remain 
where it first issued from the earth, and for want 
of it, animals would spon eease to exist.*' 

**I haye jiist thought of another thing," said 
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Edwin ; '* whleh would be useless if it were not for 
gravitation. " 

" Whatisthat, Edwin?" 

** The eloek pendulum.*' 

" You are right, my son, gravitation is one eause 
of tts swinging baekwards and forwards. To keep it 
in motion there is a twofold power. The force whieh 
we giye the pendulum at starting tends to thrust it 
out of its perpendieuliir and attraetion striyes to puU 
it baek again ; but owing to a steel spring and the 
eloek weight, it is forced beyond the point where 
grayitation is drawing it ; thus it is kept in motion 
as long as both powers are exerted." 

*' Are there any other kinds of attraetions besides 
the attraetion of grayitation." 

'' Yes, there is eapillary attraetion, and the attrae- 
tion of eohesion." 

" What is meant, said Emily, "by eapillary at- 
traetion?'' 

** It is that power whieh enables moisture to 
insinuate itself into all porous substanees. Take 
a sponge whieh is full of small holes, and drop it 
into water, in a very short spaee of time the water 
will haye found its way into eyery pore of the 
sponge. That power by whieh the water aseends is 
ealled eapillary attraetion. If you plaee a lump 
of sugar at the bottom of your eup, if there are 
a few drops of moisture, the sugar will immediately 
absorb it." 

o 2 
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'' That remmds me, papa," said Edwin, '' of 
what I onee did." 

" Wliat was that 7" 

** When I went to bed, throngh earelessness I 
put the towel in the wash-hand basin with part of it 
hanging over the side.'* 

** What was the resnlt in the moming?" 

" The water was all gone over the side of the 
basin, ai)d was spreading itself about the floor." 

'^ The iieil^on of that was, the water was attraeted 
by the towel, and as soon as it reaehed the top of 
the basin, it went over easily enough. That is a 
good instanee of eapillary attraetion." 

'* Is eapiUary attraetion of any use in Nature ?" 

" Yes, if it were not for this law moisture eould 
not aseend the pores of plants, neither would it 
eireulate in the earth ; where it fell there it would 
remain. Wlien we say an object absorbs moisture, 
we mean that the object is aeted upon bj eapillary 
attraotion." 

** What is meant by the attraetion of eohesion ?" 

*' It means tha4> power by whieh ol]!}6cts are held 
together. " All solids . frre held t6gether by that 
power, neme more olasely than others ; 4ot instanee, 
granite is held n^ore Hrmly together than a briek. 
Were it not for that kw tlie wKole globe would be 
but a mass of dust; the pairtieles of whieh would be 
80 loose, that they would Bomore bear our weight 
than the waters of the oeean. Thus, my ehildren, 
you see the use of this wondar£al law. 
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^' In drawing my remarks to a elose, as I intend 
this to be tlie last eonyersation for some time, I 
have only to say that I hope you have not only 
gained some useM knowledge ; bnt that you have 
also beeome better acquainted with those things 
around you ; that you now see yrith a elearer eye the 
great and wonderful works of God by whieh you are 
daily surrounded ; and that you have been led into 
a method of obserying and gaining information for 
yourselves. If sueh be the ease, our labour has not 
been in vain.*' 
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